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P R E F A O E
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based were c a r r ie d  out i n  the  R esearch Department and 
Wards o f  th e  Royal M a tern ity  and Womens H o s p i t a l ,
Glasgow, during  th e  ten u re  o f  th e  Faulds F e l lo w sh ip ,  
Glasgow U n iv e r s i t y .
Two p a p ers , e n t i t l e d  11 The E f f e c t  o f  Labour 
on th e  Plasma U r ic  Acid  and Urea11 and ‘‘Changes in  Blood  
C o n cen tra t io n  in  Normal and Toxaemic Pregnancy11, have been  
p u b l ish e d  i n  th e  J ou rn a l o f  O b s t e t r i c s  and Gynaecology o f  
th e  B r i t i s h  S n p ir e ,  1939? 540 and 1940, ^3?
r e s p e c t i v e l y ,  from d ata  record ed  in  t h i s  work; a t h ir d  
paper, e n t i t l e d  "Changes i n  Plasma U ric  Acid and Urea in  
Eclampsia", i s  a t  p r e s e n t  in  p r e s s .
I have much p le a s u r e  i n  acknow ledging my 
in d e b te d n e ss  to Dr. H.L. Sheehan fo r  h i s  c o n s ta n t  
encouragement and h e l p f u l  c r i t i c i s m  throughout the  
cou rse  o f  the  work. Thanks are  a l s o  due to  P r o fe s s o r  
S. Cameron, P r o fe s s o r  J . Hendry, Dr. J . H ew itt  and 
Dr. R.A. Lennie f o r  p e r m is s io n  to  i n v e s t i g a t e  c a s e s  in  
t h e i r  wards i n  th e  Royal M atern ity  and Women*s H o s p ita l ,  
Glasgow, and to  Dr. A. MacNiven for  p e r m is s io n  to  s tu d y  
c a s e s  i n  h i s  wards a t  G artnavel Mental H o s p ita l .
2.
S E C T I O N  I 
I N T R O D U C T I O N .
About t e n  p er  cen t  o f  a l l  pregnant women are  
found to  s u f f e r  from one or o th e r  o f  a group o f  d is o r d e r s  
p e c u l ia r  to  pregnancy which are  r e f e r r e d  to  a s  the  
‘■toxaemias o f  p regnancy11. Under t h i s  term ‘‘toxaem ias o f  
pregnancy11 th e r e  a re  in c lu d e d  -  vom itin g  o f  pregnancy, 
a c u te  y e l lo w  a trop h y  o f  the l i v e r ,  p r e -e c la m p s ia ,  ec lam p sia ,  
low  r e s e r v e  k id n ey , e t c .  The term h y p e r te n s iv e  toxaem ia  
d en o tes  th o se  c o n d i t io n s  a s s o c i a t e d  w ith  h ig h  b lood  p r e s su r e ,  
a lbu m in uria  and oedema, e i t h e r  to g e th e r  or s in g ly .  I t  i s  to  
be s p e c i f i c a l l y  n o te d  t h a t ,  throughout the p r e se n t  work, 
the  word "toxaem ia11 i s  used  a s  a c l i n i c a l  d e s c r ip t io n  
w ith o u t any im p l ic a t io n  th a t  h y p o t h e t ic a l  t o x in s  are  
c i r c u l a t i n g  i n  th e  b lood .
The h y p e r te n s iv e  toxaem ias o f  pregnancy have  
been the  s u b je c t  o f  e n d le s s  r e se a r c h  and c o n tr o v e r sy  fo r  
many y ea rs;  in  many te x tb o o k s  o f  o b s t e t r i c s  a whole ch ap ter  
i s  g iv e n  to  the  d i s c u s s i o n  o f  th e  v a r io u s  t h e o r i e s  o f  the  
e t i o l o g y  o f  e c la m p s ia  and p r e -e c la m p s ia .
In 1843 Lever d is c o v e r e d  albumen i n  the  u r in e  o f  
e c la m p tic  women and fo r  some y ears  a f t e r  t h i s  the  d i s e a s e  
was thought to  be a l l i e d  to  uraemia. This th e o ry  soon f e l l  
in to  d is fa v o u r  but was su pp orted  by Volhard ( 1 9 2 4 ) who 
regarded ec la m p s ia  a s  a form o f  a c u te  uraemia and proposed
th e  term “e c la m p t ic  uraem ia11. He c o n s id e r e d  th a t  gen era l  
v a s o c o n s t r i c t i o n  w ith  r e s u l t i n g  c a p i l l a r y  changes was a 
primary f a c t o r .  Many workers a g ree  con cern in g  the  importance  
o f  c a p i l l a r y  damage; Hinselmann ( 1 9 2 4 ) and Heynemann ( 1 9 2 4 ) 
have been a b le  to  dem onstrate  marked changes i n  the c a p i l l a r i e s  
in  c a s e s  o f  h y p e r te n s iv e  toxaem ia  and ec lam p sia ;  th ey  found  
w idening  and le n g th e n in g  o f  the  sk in  c a p i l l a r i e s  w ith  
r e s u l t i n g  s t a s i s  o f  b lood  f lo w  -  th e s e  changes th e y  c o n s id ered  
were secon dary  to  spasm o f  th e  a r t e r i o l e s .  In  1919 
Zangeraeister advanced h i s  “Hydrops Gravidarum" th eory  which 
p o s t u l a t e s  in c r e a s e d  c a p i l l a r y  p e r m e a b i l i ty  as th e  fundamental 
l e s i o n  o f  ec la m p s ia . He c o n s id e r s  t h a t  oedema, r a is e d  blood  
p r e s s u r e ,  a lbum enuria and o th e r  s ig n s  are  a l l  secondary to  
in c r e a se d  tr a n su d a t io n  o f  f l u i d  to  th e  t i s s u e s  and th a t  c e r e b r a l  
oedema i s  the  ca u se  o f  the  c o n v u ls io n s ,  headaches and r e t i n a l  
chan ges . He c o n c lu d e s  th a t  “the lo n g  sought ec la m p tic  to x in  
i s  w a te r ” . F o e ta l  e lem en ts  ( V e i t ,  1 9 0 5 ) ,  f o e t a l  m eta b o lic  
p ro d u cts  ( D ie n s t ,  1902 and 1927)> p la c e n t a l  (Liepmann, 1906; 
Young, 1927) C ruickshanks, H ew itt  and Couper, 1 9 2 7 ) and 
i n t e s t i n a l  (Solom ons, 1922 and 1933) t o x in s  have been  
su g g e s te d  a s  c a u sa l  a g e n ts  o f  ec lam p sia  w h ile  some workers 
advance t h e o r i e s  r e l a t i n g  to  en d ocr in e  im balance (Hofbauer,
1918 and 1933) Hoffman and Anselm ino, 19 31 ) Cushing, 1934;
Smith and Smith 1933 and 1934) and a n a p h y la x is  (Rosenau and 
Anderson, 1 9 0 8 ).
Almost a l l  the  t h e o r i e s  have one p o in t  i n  common
and t h a t  i s ,  th e  r e c o g n i t io n  o f  a g e n e ra l  m eta b o l ic  u p se t  in  
th e s e  c a s e s .  This m e ta b o l ic  u p se t  i s  ev id en ced  by changes in  
th e  b io c h e m ic a l  f in d in g s  o f  th e  v a r io u s  body f l u i d s .  
I n v e s t i g a t i o n s  o f  t h e s e  changes have thrown some l i g h t  on the  
nature o f  th e  d i s e a s e ,  but th e r e  h as  been much d iv erg en ce  o f  
o p in io n  even i n  regard  to  some o f  the f in d in g s .  In  p a r t i c u la r ,  
rep o rted  r e s u l t s  from h y p e r te n s iv e  toxaem ic p a t i e n t s  d isa g r e e  
w ith  regard  to  the  q u e s t io n  o f  r e t e n t io n  o f  n o n -p r o te in  
n i t r o g e n  f r a c t i o n s .  Low b lood  urea v a lu e s  have been found by 
many w orkers, ( Z an gem eister , 1903; W ill iam s, 1921; Helimuth, 
1923; Heynemann, 1924; P la s s ,  1924; Stander, 1924; Stander, 
Duncan and S is s o n ,  1925; C ruickshanks, H ew itt and Gouper, 1927; 
Dieckmann, 1933; Stander and Oadden, 1934b); w h ile  th e  r e s u l t s  
o f  o th e r s  show a c o n s id e r a b le  r e t e n t io n  in  the blood o f  a l l  
n o n -p r o te in  n i t r o g e n  f r a c t i o n s  (C a ld w ell  and Lye, 1921;
K i l l i a n  and Sherwin, 1 9 21; Walthard, 1922; Frey, 1923;
Bokelmann and Rother, 1925). One of the reasons for these 
differences is  that, in  most cases, determinations were made 
on groups of d ifferent p atien ts, either at d ifferent stages 
in  pregnancy or with varying degrees of toxaemia, and the 
average resu lts  compared. When the resu lts are examined in 
d eta il, i t  appears that those workers whose average figures l i e  
within normal lim its  had several patients with values much above 
normal and, conversely, in  the resu lts of those workers in  
favour of a non-protein nitrogen retention, there are patients 
with low non-protein nitrogen and urea values. Very few
i n v e s t i g a t o r s  have a ttem p ted  to  fo l lo w ,  i n  any d e t a i l ,  the  
changes o c c u r r in g  in  th e  n o n -p r o te in  n i t r o g e n
5 .
fra c tio n s  o f the blood in  in d iv id u a l p a tie n ts  and thus the 
fa c to rs  in flu en c in g  the blood non-protein  n itrogen  fra ctio n s  
in  these h ypertensive toxaemic cases have not been recognised.
Renal fu n ction  t e s t s  in  hypertensive toxaemic cases  
before and soon a f te r  d e liv ery  have been found to be very 
u n sa tis fa c to ry  both from a d ia g n o stic  and from a prognostic  
point of view. Stander, Ashton and Cadden ( 1 9 3 2 ) found the 
urea clearance and cr ea tin in e  ex cre tio n  t e s t s  o f some value 
in  d if fe r e n t ia t in g  m ild n e p h r itis  from low reserve kidney 
ca ses , but g ive  no r e s u lts  for pre-eclam ptic cases.
Dieckmann ( 1 9 3 5 ) > on the other hand, in  a d e ta iled  in v estig a tio n  
o f renal fun ction  in  con vu lsive and non-convulsive, acute and 
chronic h ypertensive toxaemic p a t ie n ts , found that the urea 
clearance t e s t  was o f l i t t l e  value during pregnancy or soon 
a f te r  d e liv e r y  because o f the wide range found in  the normal 
pregnant ca ses . Cadden and McLane (1934) found that only the 
urea clearance t e s t  was s e n s it iv e  enough to d if fe r e n t ia te  
true chronic n ep h r itis  from the other toxaemias; the average 
r e s u lts  from pre-eclam ptic and eclam ptic cases were lower 
than the average r e s u lts  from normal ca ses , but the range in  
each group was so wide that the t e s t  was o f no d iagn ostic  
value. Elder, S in c la ir  and Rogers (193&) in  a sim ilar  
in v e s t ig a t io n  a lso  s tre ssed  the wide range o f the normal 
values for  renal fu n ction  t e s t s  in  pregnancy and ind icated  
that th is  was p a r t ly  due to wide v a r ia tio n s in  blood urea 
values in  d iffe r e n t  ca ses , the values in  some normal cases  
being very low. I t  i s ,  th erefore , o f  great importance that
any fa cto r  causing changes in  the blood urea, in  normal and 
h ypertensive toxaemic ca ses , and so con trib utin g  to the wide 
v a r ia tio n s , should be in v e stig a ted  and elim inated .
During recent years much a tte n tio n  has been drawn to 
the ra ised  u r ic  a c id  content o f the blood in  pre-eclam ptic  
and eclam ptic ca ses . An increased  u r ic  a c id  content, decreased  
COg combining power and lowered pH of the blood are now 
g en era lly  accepted as being the outstanding fin d in gs in  the 
blood chem istry in  eclam psia. Raised blood u ric  acid  in  
c e r ta in  cases i s  o ften  considered to be d iagn ostic  o f eclampsia 
w hile some workers (Stander and Cadden, 1934b) regard the 
h eigh t o f  the u ric  acid  value as an index o f the se v e r ity  of the 
d ise a se . I t  w i l l  be shown here, however, that severa l fa c to rs , 
apart from the toxaem ia, cause marked changes in  the blood  
uric a,cid le v e l ,  and u n le ss  th ese  are understood the actual 
uric  a c id  value in  an in d iv id u a l case may be very m isleading.
7.
S E C T I O N  I I
THE EFFECT OF LABOUR ON PLASMA UHIO AOID AND URSA
IK NORMAL AND NON-OONVULSIVE TOXAEMIC PATIENTS.
The p r e se n t  s tu d y  d e a ls  w ith  the  changes i n  u r ic  
a c id  and urea  in  th e  b lood  o f  in d iv id u a l  p a t i e n t s  during  
th e  l a s t  few weeks o f  pregnancy, during lab ou r  and throughout  
th e  puerperium . Blood sam ples were c o l l e c t e d  d a i l y  in  most 
c a s e s  and, during la b o u r , a t  i n t e r v a l s  o f  a few hours.
Each specim en was examined f o r  plasma u r ic  a c id  c o n ten t  by 
B e n e d i c t s  d i r e c t  c o lo r im e t r i c  method. (1922  a and b ).
The a c c e p te d  normal range by t h i s  method i s  2 to  4 m ill ig ra m s  
p er  100 c . c .  o f  p lasm a, and a l l  normal c a s e s ,  in  non-pregnant  
p a t i e n t s  or i n  th o s e  i n  e a r l y  or m id-pregnancy, s tu d ie d  here  
have f a l l e n  w i th in  t h i s  range. B lood -u rea  was determ ined by 
th e  gasoraetr ic  method o f  Van S lyk e  and Kugel. (1933)*
The s e r i e s  c o n s i s t e d  o f  93  women:
A. T w e n ty -f iv e  normal c a s e s .  P a t ie n t s  a t  term w ith ou t  
any a lb u m in u ria , h y p e r te n s io n  or oedema a t  any time during  
pregnancy. Most were p r im ig r a v id a e ,  a few h av in g  s l i g h t l y  
c o n tr a c te d  p e l v e s .  (See Avgenri.-: ~ CAoos 1 to t .)
B. F i f t y - s i x  p r e -e c la m p t ic  c a s e s .  P r a c t i c a l l y  a l l  the  
p a t i e n t s  were p r im ig r a v id a e  h av in g  toxaem ic s ig n s  o f  varying  
d egrees  o f  s e v e r i t y  but w ith ou t any c o n v u ls io n s .  The term, 
p r e -e c la m p t ic ,  i s  used h e r e ,  as by most a u th o rs ,  to  d e f in e
a s p e c i f i c  typ e  o f  h y p e r te n s iv e  toxaem ic p a t i e n t ;  i t  does
8.
not im ply  th a t  t h e s e  p a t i e n t s  l a t e r  d eve lop ed  c o n v u ls io n s .
The p a t i e n t s  have been su b -d iv id e d  from a c l i n i c a l  p o in t  o f  
view  a s  m ild  or s e v e r e .  The m ild  p r e -e c la m p t ic  p a t i e n t s  
corresp on d  to  the low r e s e r v e  k id ney  c a s e s  o f  American 
w r ite r s ;  th e y  were f r e e  from symptoms and had o n ly  m ild  
h y p e r te n s io n ,  a lb u m in u ria  or oedema. (C ases 26 to 6 2 .)
P a t i e n t s  w ith  ec la m p s ia  have been exc lud ed  from 
c o n s id e r a t io n  i n  t h i s  s e c t i o n .
0 . Twelve c a s e s  o f  ch r o n ic  toxaem ia. A ra th er  
m is c e l la n e o u s  group o f  m u lt ip a r a e  who had toxaem ic symptoms 
and s ig n s  during  pregnancy s u g g e s t iv e  o f  the  c o n d i t io n s  
o f t e n  r e f e r r e d  to  a s  e s s e n t i a l  h y p e r te n s io n  or  n e p h r i t ic  
toxaem ia . The d ia g n o s i s  was based , among o th er  th in g s ,  on 
the  p r e v io u s  h i s t o r y ,  m u l t i p a r i t y  and advanced a g e .(C a ses  66-94) 
F in d in g s  B efore  Onset o f  Labour.
The f in d in g s  fo r  plasm a u r ic  a c id  and urea in  
th e s e  p a t i e n t s  a t  term , but b e fo re  the o n s e t  o f  lab ou r,  
are  shown i n  Table I .
These f in d in g s  a r e  e s s e n t i a l l y  s im i la r  to  th o s e  
o f  many o th e r  workers (O a ld w ell  and Lye, 1 9 21; K i l l i a n  and 
Sherwin, 1921; Frey, 1923; H ellm uth, 1923; P la s s ,  1924;
Stan der, 1 9 2 4 ) ,  th e  o n ly  notew orthy  d i f f e r e n c e  be ing  th e
somewhat r a i s e d  u r ic  a c id  v a lu e s  in  the  normal c a s e s .  Of
t h e s e ,  th e  p a t i e n t s  w ith  v a lu e s  4 .0  m il l ig r a m s  or more per
100 c . c .  b e fo re  the o n s e t  o f  labour were a l l  p r im ig ra v id a e .
Many o f  them had been examined a few weeks e a r l i e r  and at  
th a t  t im e th e  u r ic  a c id  v a lu e s  had been w ith in  normal l i m i t s .
9.
The probab le  cause  o f  t h i s  r i s e  o f  u r ic  a c id  i n  p r im igrav id ae  
in  th e  l a s t  few weeks o f  pregnancy i s  d i s c u s s e d  l a t e r .
Table I .
Plasma uric acid  and urea before onset o f labour.
11
ft'
I - U ric  a c id  
(m il l ig r a m s  per 100 
cu b ic  c e n t im e tr e s  
o f  plasm a)
Urea
(m il l ig r a m s  per 100 
cub ic  c e n t im e tr e s  
o f  plasma)
C la ss  o f  P a t ie n t Range Mean Range Mean
Normal p a t i e n t s  .................... '2 .5  to  5 .2 3-9 16 to  21 18
M ild p r e -e c la m p t ic  p a t i e n t s 3 .0  to  5 .3 4 .5 14 to  32 21
S evere  p r e -e c la m p t ic  p a t i e n t s 3 .6  to  9 . 7 6 .1 14 to  55 30
Chronic toxaem ic  p a t i e n t s  . . . 2 .7  to  7 .3 5 -3 14 to  55 26
In th e  p r e -e c la m p t ic  and ch ro n ic  toxaem ic p a t i e n t s
g r e a t  d i f f e r e n c e  i n  the u r ic  a c id  c o n ten t  o f  the  plasma was 
found from c a se  to  c a s e ,  during  the l a s t  month o f  pregnancy. 
In  the  m ild  p r e -e c la m p t ic  p a t i e n t s  the va lu e  was r a r e ly  much 
above normal l i m i t s  ( o n ly  5 p a t i e n t s  had v a lu e s  over 5 
m ill ig r a m s  per 100 c . c . ) .  P a t i e n t s  w ith  h ig h  v a lu e s  were 
u s u a l l y  o f  the se v e r e  c l i n i c a l  ty p e ,  but the r e v e r s e  d id  not  
h old ; n o t  a l l  p a t i e n t s  w ith  se v e r e  symptoms had a h ig h  u r ic  
a c id .  Many o f  t h e s e  p r e -e c la m p t ic  and chron ic  p a t i e n t s  were 
under o b s e r v a t io n  fo r  2 to  3 weeks b e fo re  the o n se t  o f  labour  
and i t  was found t h a t ,  a lth ou g h  a d e f i n i t e  c o n c lu s io n  cou ld  
not be made from a s i n g l e  d e ter m in a t io n , the r i s e  and f a l l  in  
u r ic  a c id  v a lu e s ,  i n  in d iv id u a l  p a t i e n t s ,  accompanied changes
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i n  th e  c l i n i c a l  s e v e r i t y  o f  the  c o n d i t io n s .  Stander and 
Cadden (1934b) found much th e  same r e l a t i o n .  However, w h ile  
a h ig h  u r ic  a c id  v a lu e  was found to  in d ic a t e  a sev ere  toxaem ia,  
i t  d id  not appear to  have any r e l a t i o n  a t  a l l  to  impending 
c o n v u ls io n s .
The b lood  urea  v a lu e  i n  the normal p a t i e n t s  were 
found to  be very  low  a s  shown i n  Table I .  In  the  m a jo r ity  
o f  th e  toxaem ic  p a t i e n t s  the b lood  urea v a lu e s  o b ta in e d  l a y  
w it h in  the  normal l i m i t s  fo r  non-pregnant c a s e s ,  but were 
d e f i n i t e l y  h ig h er  th an  the  r e s u l t s  from the normal pregnant  
c a s e s .  S im ila r  r e s u l t s  have been recorded  by Zangem eister  
( 1 9 0 3 ) ,  W illiam s E .C .P . ( 1 9 2 3 ) ,  Hellmuth ( 1 9 2 3 ) ,  Cruickshanks, 
H ew itt and Couper ( 1 9 2 7 ) ,  Dieckmann (1933)? e t c .  I t  n o t,  
p erh ap s , been s u f f i c i e n t l y  s t r e s s e d  t h a t ,  because o f  th e  low  
normal v a lu e s  i n  pregnancy , any ce.se w ith  a b lood  urea va lue  
o f  more than 25 m i l l ig r a m s  per 100 c . c .  b e fo re  the o n se t  o f  
la b o u r , sh ou ld  be regarded  a s  abnormal.
Changes During Labour and the Puerperium.
When th e s e  same p a t i e n t s  were fo l lo w e d  throughout  
lab ou r  and the puerperium i t  was found t h a t  in  p r a c t i c a l l y  
e v ery  c a s e  a r i s e  in  u r i c  a c id ,  and i n  many c a s e s  a r i s e  in  
urea a l s o ,  occu rred  during la b o u r , w ith  a r e tu r n  to  normal 
during  the  puerperium . In  some p a t i e n t s  the r i s e  was s l i g h t  
and would have been o v er lo o k ed  i f  b lo od -sp ecim en s had not  
been c o l l e c t e d  a t  i n t e r v a l s  o f  a few hours b e fo re  and a f t e r  
the  tim e o f  d e l iv e r y .  In  o th e r  p a t i e n t s ,  however, the r i s e
was c o n s id e r a b le ,  the v a lu e s  mounting w e l l  above normal l i m i t s
1/l.LriJ.l .L' 1 »
R e l a t i o n  o f  l e n g t h  o f  Labour to  R i s e  o f  U r i c  A c id  i n  a l l  Oases
v- «✓'111 «
w \ j  s t n <L v » o o i  b v j  : < £ n w  k»i - a s i *  - i v n j - i y
*1* 
t*a 
; 
2** 
mi
ytA
y 
13. 
2.i«
 
i 
u 9
11.
even in  non-toxaem ic p a t ie n t s .  The h ig h e s t  va lu e  reached  
among normal p a t ie n t s  was 1 0 .4  m illig ra m s o f  u r ic  a c id  and 
104 m illig r a m s o f  u rea  per 100 c . c ,  p lasm a. (Case I)
U ric  A cid F in d in g s .
When the r e s u l t s  from the whole s e r i e s  were s tu d ie d  
i t  was found th a t  the e x te n t  o f  the r i s e  in  u r ic  a c id , above 
th e  a n te -p a r  turn l e v e l ,  depended d ir e c t ly  on the le n g th  and 
s e v e r i t y  o f  th e  la b o u r . The ev id en ce for  t h i s  i s  shown in  
Table I I  and C harts I to  IV.
Table I I .
R e la t io n  o f  le n g th  o f  lab ou r to  u r ic  a c id  r i s e .
Hours i n  Labour
Maximal r i s e s  in  u r ic  a c id  
(m ill ig ra m s per 100 cub ic  
c e n t im e tr e s  o f  plasma)
Range Mean Range Mean
0 to  4 3 - 0 . 5  to  0 .5 0 .1
5 to  12 7 - 0 .1  to  1 .7 0 .5
13 to  24 18 0 .1  to  3 .0 1 .1
25 to  48 35 1 .0  to  4 .5 2 .4
49 to  120 73 3 .1  to  6 .4 4. 6
In  Table I I  a l l  p a t ie n t s  have been arranged in to  
groups a cco rd in g  to  le n g th  o f  la b o u r , w ith ou t regard  to
c l a s s i f i c a t i o n  as normal or toxaem ic . The mean r i s e  fo r  
each o f  th e se  groups a t  d i f f e r e n t  t im es  throughout lab ou r  
and e a r ly  puerperium  i s  shown in  Chart I .  The base l i n e  o f  
th e  graph r e p r e se n ts  th e  o r ig in a l  u r ic  a c id  v a lu e  o f  each
12.
group b efore  the o n se t  o f  la b o u r , w h ile  the p o in ts  p l o t t e d  
show the a c tu a l  r i s e ,  in  m ill ig ra m s o f  u r ic  a c id  per 100 c . c .  
plasma, above the  antepartum l e v e l .  The p o in t  o f  o r ig i n  o f  
each curve from th e  base l i n e  in d ic a t e s  the  mean le n g th  o f  
labour fo r  p a t i e n t s  in  th a t  group.
From t h i s  chart i t  can be seen  t h a t ,  not o n ly  
does th e  u r ic  a c id  in c r e a s e  during lab o u r , but th a t  the  
e x te n t  o f  the r i s e  i s  s t r i c t l y  p r o p o r t io n a l  to  the le n g th  
o f  the  la b o u r . I t  w i l l  be n o t i c e d  th a t  the r i s e  during  
labou r i s  gradual but s l i g h t l y  more rap id  towards th e  end,
i . e .  i n  th e  second s ta g e  o f  labou r. The maximal value was 
u s u a l ly  found a t  about 4 hours postpartum , a lthough v a r ia t io n  
was found from c a se  to  c a s e ,  some p a t i e n t s  reaching  t h e i r  
maximum a t  d e l iv e r y  and o th e r s  c o n tin u in g  to  r i s e  t i l l  24 
hours post-partum . In most p a t i e n t s  the v a lu e s  returned  
to  an a b s o lu te  normal between the t h ir d  and f i f t h  days 
post-partum ; c a s e s  which s t a r t e d  w ith h igh  a n te -p a r  turn 
v a lu e s  thus show a more rap id  post-partum  f a l l ,  which i s  
seen  i n  l a t e r  c h a r ts .  P a t ie n t s  having a s e v e r e  labour  
showed a g r e a te r  r i s e  than p a t i e n t s  w ith  a m ild  labour o f  
th e  same d u ration ; t h i s  f a c t  accou nts for  the range o f  the  
r i s e s  i n  each group shown in  Table I I .  The e s t im a t io n  o f  
th e  s e v e r i t y  o f  the  labour depended m erely on c l i n i c a l  
o b s e r v a t io n  and, th e r e fo r e ,  accu ra te  f ig u r e s  cannot be 
g iv e n  to show t h i s  p o in t .  In  the g r ea t  m a jo r ity  o f  p a t i e n t s ,  
however, th e  le n g th  o f  the labou r  g iv e s  a f a i r l y  s a t i s f a c t o r y
index  o f  i t s  s e v e r i t y .  As one would e x p e c t ,  the m a jo r ity
. t io n  o f  L en g th  o f  Labour  to  R ise  o f  U r i c  Acid  i n  f o r c e p s  and
11 on -  f  o r c e  p s e a sea,
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o f  the  p a t i e n t s  having a lo n g  labour were p r im igrav id ae  
w h ile  many o f  the p a t i e n t s  w ith  a sh ort labour were m u ltip arae ,  
but the  r i s e  i n  plasma u r ic  a c id  was found to  be u n a f fe c te d  
by th e  p a r i t y  o f  the  p a t i e n t ,  depending o n ly  on the le n g th  
o f  the lab ou r .
In  Chart I I  th e  p a t i e n t s  d e l iv e r e d  by fo r c e p s ,  
and th o se  not so d e l iv e r e d ,  are  p l o t t e d  s e p a r a te ly .  In  the  
group o f  p a t i e n t s  w ith  labour over 48 hours, th ere  was o n ly  
one spontaneous d e l iv e r y  and, t h e r e fo r e ,  a curve fo r  the  
p a t i e n t s  not d e l iv e r e d  by fo r c e p s  a t  th a t  tim e has not been 
drawn. The r e s u l t s  from the o th er  two groups, however, show 
a g r e a te r  ante-parturn r i s e  in  p a t i e n t s  d e l iv e r e d  by fo r c e p s  
and a s l i g h t  d e la y  i n  the  poet-partura f a l l  to  normal. I t  i s  
obvious th a t  n e i t h e r  d e l iv e r y  by fo r c e p s  nor the  a d m in is tr a t io n  
o f  an a n a e s th e t ic  can a f f e c t  the ante-parturn r i s e  in  u r ic  a c id ,  
except to  sh o rten  i t  by ter m in a t in g  th e  lab ou r . The g r e a te r  
r i s e  i n  p a t i e n t s  d e l iv e r e d  by fo r c e p s  i s  most probably  due 
to  the g r e a te r  s e v e r i t y  o f  the labour; fo rc ep s  were a p p l ie d  
i n  most c a s e s  because o f  a p ro longed  second s ta g e  and 
m aternal d i s t r e s s .  The d e lay  i n  the post-partum  f a l l  i s  not 
marked and may be due e i t h e r  to  the more se v er e  labour or to  
the a n a e s t h e t i c .  P a t ie n t s  who have had a s im i la r  a n a e s t h e t ic  
( g a s -o x y g e n -e th e r )  apart from lab ou r , e .g .  fo r  the performance  
o f  e x te r n a l  v e r s io n s ,  have shown a s l i g h t  r i s e  in  plasma u r ic  
a c id  (mean 0 .7  mg. > range 0 .1  to  1 .5  nig. p er  100 c . c . )  
l a s t i n g  fo r  ra th er  more than 24 hours. The d e la y ed  p o s t ­
partum f a l l  i s ,  t h e r e f o r e ,  probab ly  due to  the a n a e s th e t ic  a t  
d e l iv e r y .
h o u r  to  R ise  o f  U r i c
'k> wsyrj, OO I 
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e l a t i o n  o f  L en g th  o f  l a b o u r  to  R ise  o f  u r i c  A c id  i n  oedematous j
and non-o  e derm ton
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In Chart I I I  the combined r e su lts  from chronic 
toxaemic and pre-eclam ptic cases have been p lo tted  against 
the normal ca ses , but s t i l l  in  groups according to length  of 
labour. The toxaemic cases have been combined, as there i s  
not any s ig n if ic a n t  d ifferen ce  between them. In the lon gest  
labour groups, only p a tie n ts  d elivered  by forceps have been 
included, so that a fa ir  comparison can be made. I t  w ill  be 
seen th a t, when the mean length  of labour i s  the same, the 
r is e  in  u ric  acid  i s  not higher in  these toxaemic cases than 
in  the normals. The post-partum f a l l  in  the toxaemic cases 
i s  greater and more rapid than in  normal cases because the 
uric acid  i s  f a l l in g  from a higher o r ig in a l ante-partum  
value to an absolu te normal value a fte r  d e livery .
In Chart IV the r e s u lts  from oedematous p a tien ts  
are charted against the r e s u lt s  from those not oedematous. 
The oedematous p a tie n ts  form the m ajority o f the severely  
toxaemic p a tie n ts . The curves are e s s e n t ia lly  sim ilar; 
the s l ig h t  d ifferen ces  in  heigh t can be accounted for by 
the d ifferen ces  in  the length  o f labour of each group.
I t  may, th erefore , be concluded that the r is e  in  
plasma u ric  acid  which has been shown to occur during labour 
i s  n either re la ted  in  any way to the height of the o r ig in a l 
ante-partum value nor to the c la s s i f ic a t io n  of the p a tien t  
(normal or toxaemic) nor to oedema, nor to the method of  
d eliv ery . I t  appears to be re la ted  only to  the length  and 
se v e r ity  of the labour.
Urea Findings.
In most of the p a tie n ts  plasma urea determ inations
:arr  v .
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were made a t  the  same tim e as  th o se  o f  u r ic  a c id ,  and a 
s im i la r  r i s e  was u s u a l ly  found during lab ou r. The r i s e  was 
most marked i n  lo n g  la b o u r s ,  w h ile  p a t i e n t s  with normal 
lab o u rs  showed l i t t l e  or no r i s e .
Chart V shows the mean urea r i s e  during labour and
th e  e a r ly  puerperium i n  p a t i e n t s  grouped a cco rd in g  to  le n g th
o f  lab ou r . The s i m i l a r i t y  to  the u r ic  a c id  changes w i l l  be 
noted , th e  same r e l a t i o n  to  the le n g th  o f  labour be ing  seen . 
The r i s e  i n  urea  occurred  l a t e r  i n  labour than the u r ic  a c id  
r i s e .  In  many p a t i e n t s  th e r e  was not a com plete  re tu rn  to  
th e  ante-partum  l e v e l ;  t h i s  i s  probab ly  due to  the f a c t  th a t  
ante-partum  urea v a lu e s  are  below the normal non-pregnant  
l e v e l ,  and t h a t  th e r e  i s  a p h y s i o l o g ic a l  r i s e  in  urea in  the  
puerperium. (W ill ia m s, 1923> Cadden and F a r is ,  1938) .
I t  was found, however, t h a t ,  a lthou gh  the urea  and
u r ic  a c id  both showed changes in  the same d i r e c t io n  and a t
the same time in  in d iv id u a l  p a t i e n t s ,  a c o n sta n t  p rop ortion  
did  not e x i s t  between t h e i r  v a lu e s  from c a se  to  c a se .  As 
w ith  u r ic  a c id  the  r i s e  was not o b v io u s ly  r e la t e d  to  toxaem ia,  
fo r c e p s ,  or  a n a e s t h e s ia ,  though the data  a re  l e s s  com plete in  
th e  c a se  o f  urea  than i n  th a t  o f  u r ic  a c id .
D is c u s s io n .
The f in d in g s  recorded  here  show th a t  labou r can  
produce a marked e l e v a t i o n  o f  the u r ic  a c id  and urea  i n  th e  
plasma. I t  i s  o b v io u s ,  t h e r e f o r e ,  th a t  any e s t im a t io n s  o f  
th e s e  su b s ta n c es ,  or  o th er  n o n -p r o te in  n i t r o g e n  f r a c t i o n s  
rep orted  in  women a t  or about d e l iv e r y  or i n  the e a r ly
16.
puerperium, have l i t t l e  s ig n if ic a n ce  un less the length  o f the 
labour i s  known and the appropriate r is e  accounted for.
The r is e  in  u ric  acid  and urea during labour i s  
probably due to  diminished excretion  by the kidney, and 
re la ted  to the o lig u r ia  which occurs so commonly during labour. 
The impairment of renal function  i s  presumably due mainly to  
the pressure o f the ch ild * s head on the base o f the bladder 
and lower end o f the u reters . Such a lo c a l pressure e f fe c t  
i s  o f course to be expected from a p r io r i con sid erations, and 
i t  i s  proved p a th o lo g ic a lly  by the in variab le  find ing on 
post-mortem examination o f oedematous, haemorrhagic or 
u lcerated  areas at the base o f the bladder in  fa ta l  cases  
fo llow ing a protracted  labour.
The r is e  in  u r ic  acid  to values above normal, which 
was noted in  some non-toxaemic prim igravidae during the la s t  
few weeks before term, may a lso  be due to pressure on the 
lower u reters sin ce i t  occurs a fte r  the f ix in g  o f the head in  
the p e lv is .
A survey o f the l ite r a tu r e  on blood-nitrogen, in  
normal and toxaemic p a tie n ts  a t about the time of d e livery , 
or in  the puerperium, rev ea ls  that only a few workers made 
s e r ia l in v e s t ig a t io n s  on ind iv idual p a tie n ts , and of those 
none made examinations of the blood regu larly  at short 
in te rv a ls  o f time. As a r e s u lt ,  the e f fe c t  of labour on 
the non-protein n itrogen  fra c tio n s of the blood has not been 
c le a r ly  shown and a reference has not been found which r e la te s  
raised  non-protein  n itrogen  values to the length  o f labour.
17.
In most c a s e s  the  e s t im a t io n s  were made o n ly  a t  i n t e r v a l s  o f  
2 to  7 days, and f i g u r e s  are  not g iv e n  fo r  d u ra tion  o f  labour.  
Owing to la c k  o f  in fo rm a tio n  on t h i s  p o in t ,  and a l s o  in  view  
o f  the r e l a t i v e l y  in fr e q u e n t  exam in ation s, i t  i s  d i f f i c u l t  to  
a s s e s s  the  s i g n i f i c a n c e  o f  th e se  f in d in g s  i n  g e n e ra l .
The most d e t a i l e d  work in  t h i s  c o n n ec tio n  appears  
to  be th a t  o f  Oadden and F a r is  (1 9 3 8 ) ,  who s tu d ie d  t o t a l  
n o n -p r o te in  n i tr o g e n ,  urea  n i t r o g e n  and r e s t  n itr o g en  in  40 
p a t i e n t s  during the f i r s t  s ta g e  o f  lab ou r, a t  d e l iv e r y  and on 
a l t e r n a t e  days throughout the  puerperium. They found a s l i g h t  
in c r e a s e  i n  the  mean r e s u l t s  for  the s e r i e s  during labour and 
i n  th e  f i r s t  day p ost—par turn. During the 2nd and 3rd day p o s t ­
partum th e  l e v e l s  remained s te a d y  or showed a s l i g h t  f a l l ;  
t h i s  was fo l lo w e d  by a r i s e  o f  a l l  v a lu e s  rea ch in g  normal 
non-pregnant l e v e l s  by th e  10th  day post-partum . When t h e i r  
f in d in g s  i n  in d iv id u a l  c a s e s  are  s tu d ie d ,  however, wide 
v a r ia t io n s  are  found; 8 out o f  40 c a s e s  showed a d ecrease  in  
t o t a l  n o n -p r o te in  n i t r o g e n  from before  d e l iv e r y  to  a f t e r  
d e l iv e r y ,  5 out o f  40 c a s e s  showed a d ecrease  in  urea n i tr o g e n  
and 14 out o f  40 showed a d ecrea se  i n  r e s t  n i tr o g e n ,  w h ile  
1 c a se  showed an in c r e a s e  in  n o n -p r o te in  n itr o g e n .fr o m  2 4 .2  
to  48 mg. per 100 c . c . ,  i n  urea n i tr o g e n  from 8 .2  to  2 5 .6  mg. 
per 100 c . c .  and i n  r e s t  n i tr o g e n  from 16 to  2 2 .4  Pe ^
100 c . c .  during la b o u r . Their mean r e s u l t s  tend  to  agree  
with the  p r e sen t  f in d in g s ,  however, and i t  i s  l i k e l y  th at  
th e  f a c t o r  o f  le n g th  o f  labour i s  r e s p o n s ib le  fo r  the  changes
d e sc r ib e d  and would e x p la in  the  wide range o f  the f in d in g s  
rep orted .
1 8 .
Stander sand Cadden (1 9 3 4 b )> p u b lish ed  b iochem ical  
f in d in g s  from many p r e -e c la m p tic  and ec lam p tic  c a s e s .  
D eterm in ation s on p r e -e c la m p t ic s  were made “im m ediately  before  
d e l iv e r y 11 and “a f t e r  r ec o v e r y ” . The r e s u l t s  show h ig h er  u r ic  
a c id  v a lu e s  b e fo re  d e l iv e r y  w ith  normal v a lu e s  a t  th e  second  
exam ination; th ey  do not reco rd  the time o f  o n se t  or the le n g th  
o f  la b o u r , however, and th e r e fo r e  th e ir  c o n c lu s io n s  cannot be 
a c ce p ted  a t  t h e ir  fa c e  v a lu e .  A r i s e  in  u r ic  a c id  during  
labour can be seen  in  s e v e r a l  o f  th e ir  c h a r ts ,  but no m ention  
i s  made o f  i t  in  t h e i r  paper.
S ie d e n to p f  (1 9 3 2 ) ,  in  an i n v e s t i g a t i o n  on changes  
in  b lood  ch em is try  during the  th ree  s ta g e s  o f  labou r,  
determ ined t o t a l  n o n -p r o te in  n itr o g e n  o f  the b lood  in  s e v e r a l  
women. In most o f  h i s  c a s e s  he found a s l i g h t  r i s e  during the  
f i r s t  and e a r ly  second s ta g e  and a g r ea ter  r i s e  during the  
l a t e  second s ta g e  o f  la b o u r , but th e r e  were s e v e r a l  marked 
e x c e p t io n s :  11 out o f  12 p a t i e n t s  showed a f a l l  in  t o t a l
n o n -p r o te in  n i tr o g e n  in  the t h i r d  s ta g e  o f  labour w h ile  12 
out o f  14  c a s e s  showed a r i s e  between the end o f  labour and 
the  or 6th day o f  the puerperium. The i n v e s t i g a t io n  
appears to  have been c a r r ie d  out on groups o f  d i f f e r e n t  
women'at th e  v a r io u s  s t a g e s  o f  labour and th e r e fo r e  the  
changes in  in d iv id u a l  p a t i e n t s  cannot be fo l lo w e d . H is  
f in d in g s  p r io r  to  d e l iv e r y  agree  with the p r e sen t  r e s u l t s  
but no n o t ic e  i s  taken o f  the le n g th  o f  lab ou r , and t h i s  
probab ly  accou n ts  fo r  the  inconsistencies in  h i s  r e s u l t s .
The rap id  f a l l  in  n o n -p r o te in  n itr o g e n  f r a c t io n s  
which he f in d s  im m ediate ly  a f t e r  d e l iv e r y  has not been
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found in  the p r e sen t  stu d y  and i s  in  d i r e c t  disagreem ent  
w ith  the f in d in g s  o f  P la s s .  His method o f  record in g  changes 
a s  a p ercen tag e  o f  t h e ir  o r ig i n a l  va lue  makes even sm all  
changes appear s t r i k i n g  and ex a g g er a te s  any experim en ta l error .
P la s s  in  1924 examined a s e r i e s  of 24 p a t i e n t s ,
7 normal, 7 ec la m p tic  and 10 n o n -co n v u ls iv e  toxaem ic , fo r  
n o n -p r o te in  n i t r o g e n  f r a c t io n s  during labour and the  
puerperium. In some c a s e s  the f i r s t  specimen was taken o f f  
during la b o u r , but in  o th e r s  the f i r s t  specimen was taken  o f f  
a f t e r  d e l iv e r y .  A s l i g h t  r i s e  in  a l l  f ig u r e s  fo r  t o t a l  non­
p r o t e in  n i tr o g e n ,  u r ic  a c id  and urea was found to  occur p o s t ­
partum (maximum l e v e l s  reached on 2nd or 3rd day p o s t -p a r t  urn) 
w ith  a subsequent f a l l  to normal. The r i s e  was g r e a te s t  in  
toxaem ic c a s e s  and was u s u a l ly  found to c o in c id e  w ith  the  
c l i n i c a l  improvement o f  the p a t i e n t .  P la s s  su g g es ted  th a t  
t h i s  in c r e a s e  in  n o n -p r o te in  n itr o g e n  f r a c t io n s  was due to  
d i l u t i o n  o f  the blood by t i s s u e  f l u i d  c o n ta in in g  h ig h er  non­
p r o t e in  n i tr o g e n ,  urea and u r ic  a c id  c o n te n t .  The p r e sen t  
r e s u l t s ,  e s p e c i a l l y  th a t  from oedematous c a s e s ,  do not support 
t h i s  th e o r y  and i t  seems l i k e l y  th a t  the r i s e  which he 
dem onstrated was m erely  the end o f  the  r i s e  which had occurred  
during lab ou r .
Hellmuth ( 1 9 2 3 ) examined a s e r i e s  o f  normal p a t i e n t s  
i n  labour and a g a in  once or tw ice  in  the puerperium, u s u a l ly  
about the 7^  day post-partum . He found v a lu e s  r a is e d  during  
labour and normal a t  l a t e r  exam in ation s. In  12 o f  h i s  normal 
c a se s  th e  u r ic  a c id  was found to  be over 3*5 mS« Per 100 c «c . 
(h ig h e s t  5 .0  mg. per 100 c . c . ) .  He e x p la in s  th e se  f in d in g s
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as  due to  a m eta b o lic  u p set in  p r im igrav id ae  a t  term cau sin g  
d i f f i c u l t y  i n  com plete o x id a t io n  o f  p r o t e in s .
Frey ( 1 9 2 3 ) determ ined blood n o n -p r o te in  n itr o g e n  
f r a c t io n s  in  a s e r i e s  o f  normal and toxaem ic pregnant women 
a t  d e l iv e r y  and l a t e r  in  the puerperium. In  normal c a se s  a t  
d e l iv e r y  he found n o n -p r o te in  n i tr o g e n ,  urea and u r ic  a c id  
a t  the  upper l i m i t  o f  normal but w e ll  w ith in  normal l i m i t s  
l a t e r  in  the puerperium. In toxaem ic c a se s  he found th a t  the  
n o n -p r o te in  n i tr o g e n  and urea were o f t e n  much in c r e a se d  a t  
d e l iv e r y ,  but the v a lu e s  v a r ie d  g r e a t l y  from c a se  to c a se .
His u r ic  a c id  f in d in g s  were very  in c o n s i s t e n t .  I t  i s  l i k e l y  
th a t  the  h igh  v a lu e s  found by th e se  two workers, Hellmuth  
and Frey, i n  t h e ir  normal and in  many o f  t h e ir  toxaemic  
c a se s  can be accounted  fo r  by le n g th  o f  time in  labour.
The r e l a t i o n  between the le n g th  o f  labour and the  
r i s e  o f  plasma u r ic  a c id  and urea  i s  n o t ,  in  r e t r o s p e c t ,  a 
s u r p r is in g  f in d in g .  The r i s e  occurs to  the  same e x te n t  in  
normal a s  in  toxaem ic p a t i e n t s  and may be co n sid ered  alm ost  
p h y s i o l o g ic a l ;  but i n  th o se  c a s e s  w ith labour over 48 hours 
th e  n i t r o g e n  r e t e n t i o n  i s  so marked th a t  the  p o s s i b i l i t y  o f  
a c tu a l  k idney  damage as a r e s u l t  o f  the o b s tr u c t io n  cannot 
be excluded . In a few c a se s  the retu rn  to normal v a lu e s  
has been slow  and i t  may be th a t  th e s e  p a t i e n t s  have s u f fe r e d  
some permanent ren a l  damage. These f in d in g s  are th e r e fo r e  
another  i n d ic a t io n  o f  the dangers o f  a p r o tr a c te d  labour.
The r i s e  o f  plasma u r ic  a c id  and urea , due to  labour i s  a l s o  
o f  im portance, however, in  th a t  i t  can produce such grea t  
changes in  b lood ch em istry  as to  in v a l id a t e  any work which
does not take i t  in to  accou nt.
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Summary.
The changes in  the plasma u r ic  a c id  and urea  
o ccu rr in g  during labour and the  e a r ly  puerperium have been  
s tu d ie d  i n  d e t a i l  in  a s e r i e s  o f  normal and toxaem ic women. 
A r i s e  o f  plasma u r ic  a c id  and urea i s  found to  occur  
in v a r ia b ly  during lab ou r , the h e ig h t  o f  the  r i s e  being  
dependent on the  le n g th  o f  the labou r. The r i s e  i s  
independent o f  toxaem ia and o th er  f a c t o r s .  There i s  a 
corresp ond ing  f a l l  i n  the e a r ly  puerperium so th a t  normal 
v a lu e s  a re  u s u a l l y  reached  by the t h ir d  day a f t e r  d e l iv e r y .
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S E C T I O N  I I I .
CHANGES IN PLASMA URIC ACID AND UREA 
IN ECLAMPSIA.
In th e  p r e v io u s  chapter  i t  was in d ic a te d  th a t  
wide v a r ia t io n s  o f  o p in io n  e x i s t e d ,  between in v e s t i g a t o r s ,  
on the q u e s t io n  o f  n o n -p r o te in  n itr o g e n  r e t e n t io n  in  c a se s  
o f  h y p e r te n s iv e  toxa.emia o f  pregnancy. I t  was shown th a t  
t h e s e  v a r ie d  o p in io n s  were fr e q u e n t ly  due to  the fa c t  
th a t  the data  were o b ta in ed  from d i f f e r e n t  p a t i e n t s  a t  
d i f f e r e n t  s ta g e s  o f  pregnancy and th a t  no account m s  taken  
o f  the in f lu e n c e  o f  lab ou r  on the blood n o n -p r o te in  n itr o g e n  
f r a c t i o n s .  In ec lam p sia  most workers agree  in  f in d in g  r a is e d  
u r ic  a c id  v a lu e s  but e x c e p t io n s  have been noted and the  
h e ig h t  o f  the v a lu e s  recorded  v a r ie s  g r e a t ly .
W illiam s (1921) m s  one o f  the e a r l i e s t  workers 
to f in d  h igh  u r ic  a c id  v a lu e s  in  ec lam p tic  p a t i e n t s  w h ile  
the  b lood  urea v a lu e s  i n  the same p a t i e n t s  were w ith in  normal 
l i m i t s .  He examined the  blood o f  5 e c la m p tic s  during the  
acu te  s ta g e  o f  the d i s e a s e ;  the average u r ic  a c id  va lu e  from 
th e se  c a s e s  was 7-8 mg. per  100 c . c .  From t h i s  s e r i e s  he 
was unable to  f in d  a r e l a t i o n  between u r ic  a c id  v a lu e s  and 
c l i n i c a l  symptoms, labour or s ta g e  in  pregnancy. Caldwell  
and Lye (1921) found a n o n -p r o te in  n itr o g e n  r e t e n t io n ,  o f  
vary in g  degree , in  the  blood o f  n o n -co n v u ls iv e  toxaemic and 
ec lam p tic  p a t i e n t s .  They concluded that i n  c a s e s  with a
se v e r e  r e t e n t io n ,  the  p r o g n o s is  was bad. K i l l i a n  and Sherwin 
( 1 92 1 ) found t o t a l  n o n -p r o te in  n itr o g e n  o f  the blood a t  the  
upper l i m i t  o f  normal in  ec lam ptic  c a se s  -  the urea percen tage  
was low , w h ile  the u r ic  a c id  was markedly in c re a se d . Each 
p a t ie n t  was examined once o n ly  and th e re  was wide v a r ia t io n  
from c a se  to  ca se  (range o f  u r ic  a c id  v a lu e s  was 3 to  11 mg. 
per  100 c . c . ) .  The in c r e a se  in  v a lu es  was thought to  be due 
to  r e n a l  impairment. Hellmuth ( 1 923 ) in  a la r g e r  s e r i e s  o f  
ec la m p tic  c a s e s  a l s o  found h igh  blood u r ic  a c id  v a lu e s  w h ile  
the  b lood urea was normal or o n ly  s l i g h t l y  r a is e d .  He 
concluded from h i s  s e r i e s  th a t  the  h e ig h t  o f  the u r ic  a c id  
value  in  an ec la m p tic  c a se  was o f  no value in  p ro g n o s is  
and th a t  a h igh  v a lu e  in  a p r e -e e la m p tic  case  did  not  
n e c e s s a r i l y  in d ic a t e  impending f i t s .  Frey ( 192 3 ) ,  on th e  o th er  
hand, found u r ic  a c id  v a lu e s  w ith in  normal l i m i t s  in  ec lam ptic  
c a s e s  w h ile  blood n o n -p r o te in  n itr o g e n  was o f t e n  co n s id er a b ly  
r a is e d .  H is u r ic  a c id  f in d in g s  in  h i s  d i f f e r e n t  groups o f  
p a t i e n t s ,  however, appear to  be unusual -  i n  the normal non­
pregnant group the  range i s  g iv e n  as 12 to  15 mg. per 100 c . c .  
and i t  must be accep ted  th a t  the method employed was not in  
any way a s  r e l i a b l e  as  the modern methods. P la s s  ( 1 924) ,  as  
m entioned in  the p rev io u s  chapter , i n v e s t ig a t e d  n o n -p r o te in  
n itr o g en  f r a c t i o n s  in  7 ec lam ptic  p a t i e n t s .  He found u r ic  
a c id  r a is e d ,  e s p e c i a l l y  in  the  f i r s t  two days o f  the puerperium, 
w h ile  urea v a lu e s  were w ith in  normal l i m i t s .  Stander ( 192 4 ); 
Stander, Duncan and S is so n  ( 1925); Bokelmann and Rother (1 9 2 5 );  
Stander and R adelet ( 1 92 6 ); Cruickshanks, H ew itt and 
Couper ( 1 9 2 7 ); have a l l  compared average u r ic  a c id  f in d in g s
o f  d i f f e r e n t  groups o f  pregnant women and found high v a lu es  
in  ec la m p tic  c a s e s .  More r e c e n t ly ,  Stander and Oadden ( 1934b),  
and l a t e l y  Cadden and Stander (1 9 3 9 ) ,  made much more d e t a i l e d  
s t u d ie s  o f  the b ioch em ica l changes in  the plasma in  c a se s  o f  
eclam psia . In  the former o f  th e s e  papers they recorded the  
biochem ica l f in d in g s  from 108 ec lam ptic  and 40 p re -ec la m p tic  
c a se s  and i n  the l a t t e r ,  com posite  ch a r ts  were made from 132 
ec la m p tic  c a s e s .  Blood n o n -p r o te in  n itro gen  and urea were 
found to  be low  in  most c a s e s ,  a lthough in  some ca ses  a r i s e  
was found to  occur l a t e  i n  the d i s e a s e .  The blood u r ic  a c id  
c o n ten t  was found to be r a i s e d  in  both p re-eclam p sia  and 
eclam psia  and was regarded as  a c r i t e r i o n  o f  the s e v e r i t y  o f  
the d i s e a s e .
In s p i t e  o f  the  g r e a t  volume o f  l i t e r a t u r e  which 
has been w r i t t e n  on the s u b je c t  o f  the biochem ical f in d in g s  
in  ec la m p sia , i t  has a g a in  been found th a t  l i t t l e  attem pt has  
been made to f o l lo w  in  d e t a i l  the changes which occur in  
in d iv id u a l  p a t i e n t s .  In  the p r e sen t  study the changes 
o c cu rr in g  in  the plasma u r ic  a c id  and urea were fo llow ed  
i n  a s e r i e s  o f  42 ec lam p tic  p a t i e n t s  throughout the course o f  
the d i s e a s e ,  and an attem pt has been made to d is e n ta n g le  the  
v a r io u s  f a c t o r s  in f lu e n c in g  th e s e  n o n -p ro te in  n itr o g en  
f r a c t i o n s .  In  a l l  c a s e s  the b lood  v/as examined d a i ly  or  
o f t e n e r ,  and in  many c a s e s  d e term in a t io n s  were made a t  h o u rly  
i n t e r v a l s  during the a cu te  s ta g e .  The r e s u l t s  from the  
p r e v io u s  stu d y  o f  25 normal pregnant and 56 p re -ec la m p tic  
p a t i e n t s  are  quoted here  fo r  comparison w ith the presen t  
f in d in g s .  I t  i s  to be s p e c i f i c a l l y  noted  th a t  every p a t ie n t
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who developed  ec lam p tic  f i t s  i s  c la s s e d  here under th e  term 
''eclampsia*1, even in  the s ta g e  b efore  the o n se t  o f  f i t s ;  the  
term "pre-eclam ptic"  a g a in  r e f e r s  o n ly  to  p a t i e n t s  w ith  
toxaem ia, c h a r a c te r i s e d  by h y p er ten s io n , album inuria and the  
other  standard  s ig n s ,  who d id  not develop ec lam p tic  c o n v u ls io n s .  
The ec la m p tic  p a t i e n t s  have been d iv id e d  in to  3 grou p s:-
(a )  18 Ante-oartum e c la m n tic s  (Gases 104 to  121) -  p a t i e n t s  
who h a d , f i t s  b e fore  the o n set  o f  labou r, but not during  
labour or the  puerperium.
(b) 16 Intra-oartum  e c la m n tic s  (Cases 122 to  IT !) -  p a t i e n t s  
who had f i t s  during labour; t h i s  group in c lu d e s  c a ses
in  which f i t s  began b efore  labour but continued a f t e r  
the o n se t  o f  p a in s ,  and a l s o  c a se s  w ith  f i t s  during  
labou r which co n tin u ed  a f t e r  d e l iv e r y .
( c )  8 Post-partum  e c la m p tic s  (C ases 138 to 1 4 5 ) -  p a t i e n t s  
who had f i t s  which began on ly  a f t e r  d e l iv e r y .
Two o f  the ante-partum  and one o f  the  post-partum  c a se s  
d ie d  during the a cu te  s ta g e  o f  the d i s e a s e .
U ric  Acid F in d ings .
In  the p r e v io u s  s e c t i o n  i t  was shown th a t  during  
labour th ere  i s  a r i s e  in  plasma u r ic  a c id  and urea, both in  
normal and i n  n o n -c o n v u ls iv e  toxaemic p a t ie n t s ;  as w i l l  be 
shown h e r e ,  p r e c i s e l y  the same changes occur in  ec lam p tic  
p a t i e n t s  during lab ou r . In a d d it io n ,  in  p r e -e c la m p sia  and 
in  ec lam psia  th ere  are  changes in  plasma u r ic  a c id  l e v e l  
r e s u l t i n g  from toxaem ia; and a lso ,  i n  ec lam p tic  p a t i e n t s  
th ere  are  changes r e l a t e d  to  the o n se t  o f  f i t s .  The u r ic
a c id  f in d in g s  in  v a r io u s  ty p e s  o f  ec la m p tic  p a t i e n t s  can be 
understood  o n ly  when th e se  th ree  f a c t o r s  have been d isen ta n g led .  
For t h i s  purpose the  c a s e s  s tu d ie d  h ere  a re  con sid ered  under 
th r ee  h ea d in gs .
(1 )  The f in d in g s  b e fore  the  o n se t  o f  f i t s  or o f  labour.
This group in v o lv e s  o n ly  the e f f e c t  o f  the preced ing  
h y p e r te n s iv e  toxaem ia, th e  o th er  two f a c t o r s  be ing  
a u to m a t ic a l ly  exc lu d ed .
(2 )  The changes which develop  in  r e l a t i o n  to  the f i t s .
To ex c lu d e  the changes which had developed  p r e v io u s ly  
a s  a r e s u l t  o f  the toxaem ia the b a s ic  l e v e l  i s  taken  
a s  th a t  which had been found i n  each in d iv id u a l  p a t ie n t  
b efore  the o n se t  o f  f i t s ;  the r i s e  due to  the f i t s  i s  
c a lc u la t e d  from t h a t  l e v e l .  To exclude the changes 
due to  la b o u r , a c o r r e c t io n  has been in trodu ced  in  th ose  
c a s e s  where the f i t s  c o in c id e d  with or fo l lo w ed  the  
time o f  lab o u r. This c o r r e c t io n  i s  c a lc u la t e d  from the  
data  which have been g iv e n  in  the p rev io u s  s e c t io n  
w ith  regard to  the in f lu e n c e  o f  labour in  p a t i e n t s  
w ithou t f i t s ;  the mean f ig u r e  app rop ria te  to  the a c tu a l  
d u ra t io n  o f  labour i s  used  in  each c a se .  The v a l i d i t y  
o f  t h i s  c o r r e c t io n ,  in  the p resen t c o n n ec tio n , i s  shown 
by th e  c lo s e  agreement o f  the a c tu a l  f ig u r e s  from 
ec la m p tic  p a t i e n t s  not in  labour w ith the c o r r e c te d  
f i g u r e s  from ec lam p tic  p a t i e n t s  in  labou r.
(3 )  The in f lu e n c e  o f  lab ou r . When the s p e c i f i c  e f f e c t s  
o f  the p re v io u s  toxaem ia and o f  the f i t s  have been
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a n a ly se d  i t  i s  then  p o s s i b l e  to  co n s id er  the a c tu a l  
f in d in g s  i n  t h e s e  p a t i e n t s  with regard  to  labour.
F in d in gs  Before the Onset o f  F i t s .
For comparison with the ec la m p tic  c a s e s ,  note  may 
be made o f  th e  changes i n  plasma u r ic  a c id  for  a few weeks 
before  the o n se t  o f  la b o u r , recorded i n  the e a r l i e r  s e r i e s  
o f  25 normal and 56  p r e -e c la m p tic  p a t i e n t s ,  who did not  
develop  ec lam p sia . The blood was examined a t  in t e r v a l s  o f  
1 to  2 days in  each c a s e .  I t  wa>s found th a t  the u r ic  a c id  
v a lu e s  v a r ie d  g r e a t ly  from ca se  to c a se .  In  the m ild  pre­
ec la m p tic  c a s e s  the  va lue  was r a r e ly  much above normal l i m i t s .  
Cases w ith  h igh  v a lu e s  were u s u a l ly  o f  se v er e  c l i n i c a l  typ e ,  
but the r e v e r se  d id  not ho ld ; the  c a se s  w ith  severe  symptoms 
did  not a l l  have h ig h  u r ic  a c id  v a lu e s .
Ten c a s e s  from the p resen t  ec lam p tic  s e r i e s  were 
examined b e fore  the o n se t  o f  f i t s .  (C ases 104, 122, 1 2 3 , 124, 
1 2 5 , 1 2 6 , 1 2 7 , 1 4 2 , 1 4 3 , 1 4 4 ) .  In  each case  the l a s t  
exam ination  in  t h i s  p r e -c o n v u ls iv e  s ta g e  was made s h o r t ly  
b efo re  or  during the f i r s t  f i t .  Contrary to what i s  g e n e r a l ly  
s t a t e d  i n  the l i t e r a t u r e  (S tander and Cadden, 1934b; Cadden 
and Stander, 1939) fh e  u r ic  a c id  v a lu e s  a t  t h i s  time were 
found to  be o n ly  m od erate ly  r a is e d .  In p a t i e n t s  who developed  
eclam psia  suddenly  w ithou t any preced ing  s ta g e  o f  severe  
toxaem ia, the  u r ic  a c id  va lue  before  the f i r s t  f i t  was u s u a l ly  
w ith in  normal l i m i t s  ( 3*0 to  4*4 mS* Per 100 c . c . )  w h ile  in  
c a s e s  w ith  e v id en ce  o f  se v er e  p reced in g  toxaem ia the u r ic  
a c id  v a lu e s  were s l i g h t l y  h ig h e r  ( 5*2 to  6 .5  mg. per 100 c . c . ) .  
The mean va lu e  o f  the 10 c a s e s  was 5*5 mg. per 100 c . c .  When
th e se  f i g u r e s  are  compared w ith  th o se  from the n on -co n vu ls iv e  
p r e -e c la m p tic  c a s e s ,  i t  w i l l  be seen  th a t  much h ig h er  v a lu es  
a re  o b ta in ed  among p a t i e n t s  w ith  se v er e  p r e -e c la m p s ia  who 
a re  not g o in g  to  d evelop  c o n v u ls io n s ,  as i s  shown in  Table I I I .
Table I I I .
U ric  A cid Values i n  Normal and Non-Convulsive  
Toxaemic Oases near Term and in  Eclam ptic Cases 
b efo re  the  Development o f  F i t s .
Number
o f
Oases.
Plasma Uric Acid: mg. per 100 c . c .
Mean. Range.
Normal Pregnant. 25 3.9 2 .5  to  5 .2
l l i ld  P re -ec la m p tic . 29 4 .4 3 .0  to  5 .4
Severe P re -e c la m p tic . 27 6. 4 4 -8  to 9 .7
Eclam ptic b e fore  F i t s . 10 5 .5 3 .0  to  6 .5
I t  i s  th e r e fo r e  c l e a r  th a t  a very  h igh  u r ic  a c id  va lue  in  
a p r e -e c la m p tic  p a t i e n t ,  w hile  o f  importance in  in d ic a t in g  
a se v e r e  m eta b o lic  d is tu rb a n c e ,  i s  not in  any way an index  
o f  impending ec la m p sia . From the  p r e sen t  f in d in g s  i t  appears  
th a t  ec la m p sia  i s  a c t u a l l y  more l i k e l y  to  supervene in  a 
p a t i e n t  w ith  o n ly  m oderate ly  r a is e d  u r ic  a c id  (under 6 mg. 
per 100 c . c . )  than i n  one w ith a h ig h er  u r ic  a c id  va lu e .
This la c k  o f  r e l a t i o n  between the s e v e r i t y  o f  the p rev iou s  
b iochem ica l f in d in g s  and the development o f  f i t s  has a 
c l i n i c a l  p a r a l l e l ;  the s e v e r i t y  o f  the p reced in g  toxaemic  
s ig n s  and symptoms in  the p r e sen t  s e r i e s  did not have any 
r e l a t i o n  to  the s e v e r i t y  o f  the ec lam psia .
CHART VI
G-ranh. siiowinf; R ise  i n  P la sm a  U r ie  A cid  a f t e r  P i t s .
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The E f f e c t  o f  F i t s ,
In  ev ery  one o f  th e se  ec lam ptic  p a t i e n t s  a very  
rap id  r i s e  o f  plasma u r ic  a c id  was found to  occur im m ediately  
a f t e r  th e  o n s e t  o f  f i t s .  The 10 c a s e s ,  in  which b iochem ica l  
s tu d ie s  had been made be fore  th e  f i r s t  f i t ,  were examined 
fr e q u e n t ly  -  some a t  h o u r ly  i n t e r v a l s  -  a f t e r  the f i r s t  f i t .
A s te a d y  r i s e  o f  plasma u r ic  a c id  o f  about 2 to 5 mg. per  
100 c . c .  occu rred  during the few hours a f t e r  the f i r s t  f i t ;  
the average r i s e  was about 1 mg. per hour. The r i s e  con tin u ed  
fo r  4 to  6 h ou rs , even i n  p a t i e n t s  w ithout any subsequent  
f i t s ,  but a g r e a te r  r i s e  was found in  those  who had se v e r a l  
f i t s .  In  Chart VI. the  mean u r ic  a c id  v a lu e s  from th e se  
10 c a s e s  and from 8 o th e r s  have been p l o t t e d  to  show th e  changes  
during the 24 hours fo l lo w in g  the f i r s t  f i t .  The c a s e s  have 
been d iv id e d  in to  groups accord in g  to  the number o f  f i t s .
The base l i n e  o f  th e  graph r e p r e se n ts  the u r ic  a c id  v a lu e  
b efore  the f i r s t  f i t  in  each c a s e ,  w h ile  the cu rves in d ic a t e  
the  mean r i s e  in  u r ic  a c id  above the o r ig in a l  v a lu e . The 8 
a d d i t io n a l  c a s e s  th a t  have been in c lu d e d  were p a t i e n t s  who 
had n ot been examined a c t u a l l y  b efo re  t h e i r  f i r s t  ec lam ptic  
f i t ,  th e  o r ig i n a l  e s t im a t io n  being  made soon a f t e r  the f i r s t  
f i t  ; the  lo n g e s t  tim e being  3 hours. In th e s e  c a s e s  an 
allow ance  has been made fo r  th e  i n i t i a l  r i s e  b efore  th e  f i r s t  
e s t im a t io n ,  based on the tim e which had e la p se d  a f t e r  the f i r s t  
f i t  and the mean r i s e  during th a t  tim e in  comparable c a s e s  o f  
the  main s e r i e s .  In  any o f  the  c a s e s  in  which labour  
c o in c id e d  w ith  the f i t s ,  the a p p ro p r ia te  c o r r e c t io n  has
30.
been made, as  e x p la in ed  e a r l i e r .
This chart shows the  rap id  r i s e  in  u r ic  a c id  which 
occu rs in  a l l  c a se s  a f t e r  the commencement o f  the f i t s  and 
dem onstrates a c l e a r  r e l a t i o n  between the e x te n t  o f  the r i s e  
and the  number o f  th e  f i t s .  This rapid  r i s e  for  4 to  6 hours 
a f t e r  th e  f i r s t  f i t  was a co n sta n t  f in d in g  in  every  c a s e ,  but 
subsequent changes i n  the  u r ic  a c id  v a lu e s  v a r ie d  g r e a t ly  from 
c a se  to  c a se  depending on the course  o f  the  d i s e a s e .  High 
v a lu e s  were always m ainta ined  u n t i l  the  f i t s  ceased , but th e re  
was no r e l a t i o n  between the number o f  f i t s  and th e  d u ration  
o f  time th a t  th e  h ig h  v a lu e s  were m aintained; t h i s  i s  probably  
because th e  tim e e la p s in g  between f i t s  v a r ie d  g r e a t ly  in  
d i f f e r e n t  p a t i e n t s .  A fte r  the  f i t s  had cea sed , the f in d in g s  
were o f  two main ty p e s .  In  some c a s e s  the u r ic  a c id  v a lu e s  
began to  f a l l  a few hours a f t e r  the l a s t  f i t ,  but in  o th e r  
c a se s  th e  v a lu e s  were m ainta ined  or even in c re a se d  fo r  a 
fu r th e r  24 to  48 hours. The p e r s i s t e n c e  o f  h igh  v a lu e s  was 
o f t e n  r e la t e d  to  a p e r io d  o f  o l i g u r i a .  In the 3 f a t a l  c a s e s  
(O ases 120, 121 and 145) u r ic  a c id  value ro se  s t e a d i l y  
t i l l  death even i n  the  absence o f  f i t s ;  th e  v a lu es  a t  death  
were 1 1 .0  mg., 1 4 . 2 mg. and 1 6 .4  ^g. Per 100 c *c *
In  c a se  121, an ante-partum  e c la m p tic ,  the f i r s t  f i t  
occurred  a t  4*30 a.m. 2 hours l a t e r  -  a f t e r  4 f i t s  -  th e  
b^ood exam ination showed -  u r ic  a c id  1 1 .8  mg. per 100 c . c . ,  
urea  40 mg. p er  100 c . c . ;  the  plasma was very  red in  c o lo u r  
and gave a n e g a t iv e  r e a c t io n  to  th e  i n d ir e c t  van den Bergh 
t e s t .  The p a t ie n t  had no more f i t s ,  but remained com atose.
6 hours a f t e r  the f i r s t  f i t  the plasma u r ic  a c id  was 1 6 .4  
mg. p er  100 c . c . ,  urea 6l  mg. per  100 c . c . ,  the plasma was 
dark orange i n  c o lo u r  and gave a p o s i t i v e  r e a c t io n  to  the i n d i r -  
: e c t  van den Bergh t e s t  -  b i l i r u b in  1 2 .6  u n i t s .  The p a t i e n t
died  2 hours l a t e r .  At the  autop sy  performed h a lf -a n -h o u r
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PLATE I .
Liver showing gross  eclamptic 
haemorrhages.
( Oase 121 )
Low power vie?/.
S I I .
Liver showing patchy necrosis 
and p e r i p o r t a l  ec lamptic 
haemorrhages.
( Oase 145 )
Low power view.
PLATS I I I .
Liver showing small periportal 
ec lamptic  haemorrhages.
( case 120 )
Low power view.
a f t e r  d e a t h  t h e  l i v e r  showed v e ry  e x t e n s i v e  a r e a s  o f  
haem orrhage .  (See p l a t e  I . ) .  There were a l s o  o e t e c h i a l  
h aem orrhages  i n  t h e  cerebral  c o r t e x  and i n  the  i n t e r n a l  
c a p s u le  t h e r e  was a  l a r g e  haem orrhage  which had  b u r s t  i n t o  
th e  t h i r d  v e n t r i c l e .
I n  case  145? a post-parturn eclam ptic  w ith 3 f i t s  b e fo re  
adm ission  to  h o s p i t a l ,  the  plasma u r ic  a c id  va lue  12 hours  
a f t e r  th e  f i r s t  f i t  was 8 .3  mg. per 100 c . c . ,  urea 57 mg. per  
100 c . c .  The p a t ie n t  d ied  36 hours a f t e r  the f i r s t  f i t  and 
the  plasma u r ic  a c id  a t  death was 1 4 .2  mg. per 100 c . c .  a lthough  
she had no f i t s  a f t e r  adm iss ion . B. urea 112mg. per 100 c . c .
At the au top sy  the l i v e r  was y e l lo w is h  and th ere  were s e v e r a l  
la r g e  deep red a rea s  o f  haemorrhage. M ic r o s c o p ic a l ly  there  
were numerous p e r ip o r t a l  haemorrhages and a fev/ area s  o f  
c o a g u la t iv e  n e c r o s i s  a f f e c t i n g  s e v e r a l  lo b u le s .  (S ee  p la t e  I I . ) .
In the th ir d  f a t a l  c a se ,  c a se  120, the plasma u r ic  acid, 
value  2-g- hours a f t e r  the f i r s t  f i t  and a f t e r  4 f i t s  was 6 .2  
mg. per 100 c . c . ,  B. urea 31 mS* Per TOO c *c * This p a t ie n t  
had 6 f i t s  during the next few hours but did not d ie  u n t i l  
21 hours a f t e r  the f i r s t  f i t .  The plasma u r ic  a c id  va lu e  
at death was 11 mg. per 100 c . c . ,  urea  69 mg. per 100 c . c .
The l i v e r  a t  the post-mortem exam ination  in  t h i s  case  showed 
numerous t i n y  haemorrhages throughout i t s  su b stan ce , and 
m ic r o s c o p ic a l ly  o n ly  sm all p e r ip o r t a l  haemorrhages.were found.
( See p l a t e  I I I . ) .
In  th e s e  th ree  f a t a l  c a s e s  the plasma u r ic  a c id  va lu es  
a t  death were p r o p o r t io n a l  to  the e x te n t  o f  the l i v e r  damage.
The b lood urea  v a lu e s  ro se  s t e a d i l y  a f t e r  the f i t s  had ceased .
The f a l l  o f  the plasma u r ic  a c id  towards normal 
v a lu e s ,  a f t e r  the l a s t  f i t ,  began e a r l i e s t  in  post-partum  
ec la m p tic s  and l a t e s t  in  ante-parturn c a s e s .  The mean u r ic  
a c id  v a lu e s  fo r  a l l  c a s e s ,  grouped a s  post-partum , in t r a ­
partum and ante-partum , are  p l o t t e d  in  Chart VII .  to  show 
the  changes o ccu rr in g  a f t e r  the l a s t  f i t .  As before  a 
c o r r e c t io n  has been made fo r  the changes due to  the d u ra tio n  
o f  la b ou r . The base l i n e  o f  the  graph r e p r e se n ts  the u r ic  
a c id  va lu e  im m ediate ly  a f t e r  the l a s t  f i t  in  each ca se .
I t  w i l l  be seen  th a t  a mean r i s e  o f  0 .5  u r ic  a c id  per
100 c . c .  occurs i n  each group a f t e r  the  l a s t  f i t ,  and th a t
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in  post-partum  c a s e s  th e  f a l l  beg ins  4 hou rs , in  in t r a ­
partum c a s e s  12 hours and in  th e  ante-partum  c a s e s  24 hours  
a f t e r  th e  l a s t  f i t .  There are  corresponding  d i f f e r e n c e s  in  
the r a te  o f  the  subsequent f a l l ,  probably r e la t e d  to  th e  
g r e a te r  ease  o f  e x c r e t io n  o f  u r ic  a c id  a f t e r  d e l iv e r y .
The E f f e c t  o f  Labour.
The e f f e c t  o f  la b ou r , apart from f i t s ,  i s  most 
c l e a r l y  dem onstrated in  the p a t i e n t s  who recovered  from 
ante-partum  ec lam p sia  and d id  not go in to  labour u n t i l  
some days l a t e r .  Most o f  the  ante-partum  c a se s  in  t h i s  
s e r i e s  were not adm itted  to  h o s p i t a l  u n t i l  s e v e r a l  hours 
a f t e r  the  o n se t  o f  f i t s  and, in  th e s e  c a s e s ,  the u r ic  a c id  
v a lu es  o b ta in ed  on adm ission  were th e r e fo r e  very  h igh .
The mean u r ic  a c id  va lu e  for  the  16 ante-partum  ca ses  
measured a f t e r  the f i t s  had stopped , but before  the o n se t  
o f  la b o u r , was 8 .4  mg* Per  100 c . c . ,  with a range o f  6 .2  
to  1 1 .5  mg* per  100 c . c .  S ev era l o f  th e se  p a t i e n t s  improved 
c l i n i c a l l y  a f t e r  the f i t s  and the pregnancy was a llow ed  to  
con tin u e  fo r  a few days. P a r a l l e l  to  t h i s  c l i n i c a l  
improvement th ere  was a s te a d y  f a l l  i n  u r ic  a c id  v a lu es  
u n t i l  the o n se t  o f  lab o u r. During labour the f a l l  i n  u r ic  
a c id  was a r r e s te d  and in  many c a se s  th ere  was an a b so lu te  
r i s e .
Chart V III .  shows the  changes occu rr in g  in  the  
plasma u r ic  a c id  for  a few days before  and a f t e r  the tim e o f  
d e l iv e r y  i n  10 o f  th e se  ante-partum  ec la m p tic  c a s e s .  The
p o in t s  p l o t t e d  r ep re sen t  the mean o f  the a c tu a l  u r ic  a c id  
v a lu e s .  The chart shows the rap id  f a l l  in  u r ic  a c id  a f t e r
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CHART V III
G-raph sliovd n g  C hanges in  P I assma U r ic  A c id  d u r in g Labour
in  A n tep artu m  and I n tr a p a r tu n  
H e la m p t ie s .
. rtwrepftATur\ E.C(.ftrA'j>-f,c5 Lfr«Ouft l^ peuAs.
>rt«Tim sctAMpncs >e,ouR 1 2. Ho
ernes.Aftol>»v ia H surs
I ‘ M6A«
'mmn I
t r _ AlO«i
mtpn «.
CU<WE- -SMtWlN^ R,lSt IM NOAMftL 
CA^ers W i t h  ljHoyA.S L t * 6  o o f t .
2, { ye-LWB. Ky
“P^y*? rtNTEPr>A.Tor\ ^pfiys 'POST'fAKT Wfy-v
the f i t s ,  in te r r u p te d  by a sh ort r i s e  due to labour. This 
r i s e  occu rs  on a f a l l i n g  curve. The r e a l  ex ten t  o f  th e  r i s e  
i s  o f  cou rse  to  be c a lc u la t e d  from the c o n t in u a t io n  o f  the  
p reced in g  p a r t  o f  the  curve on through the time when labour,  
d e l iv e r y  and the f i r s t  th ree  days o f  the puerperium a c t u a l ly  
occurred . The r i s e  i s  then found to be a lm ost i d e n t i c a l  
with th a t  which occu rs  in  normal p a t i e n t s  who have the same 
du ration  o f  la b o u r , as  i s  shown a t  the bottom o f  Chart V III . 
C o n sid e ra t io n  o f  th e  in d iv id u a l  c a se s  g iv e s  the same con c lu s io n ;  
in  each case  th e  e x te n t  o f  the  r i s e  in  u r ic  a c id  during labour  
i s  p r o p o r t io n a l  to  the  le n g th  o f  labour and equal to th a t  
which occu rs  i n  normal c a s e s  w ith  the same le n g th  o f  labour.
In th e  in tra-partum  c a se s  the e f f e c t s  o f  labour and 
f i t s  on the plasma u r ic  a c id  are  superimposed. In Chart V III. 
th e  mean u r ic  a c id  v a lu e s  fo r  6 intra-partum  eclam ptic  ca ses  
are p l o t t e d  to  show the changes occu rrin g  b efore  and a f t e r  
d e l iv e r y ;  th e  o n ly  c a s e s  used  are th o se  i n  which v a lu e s  were 
ob ta in ed  b efore  th e  o n se t  o f  the  f i t s  and o f  labour. The 
o r ig in a l  v a lu e  i n  th e s e  c a s e s  was o n ly  m oderately  r a is e d  
(mean 5 .4  mg. per  100 c . c . ) ,  but the  usual rapid  r i s e  occurred  
in  r e l a t i o n  to  the o n se t  o f  f i t s .  When the c a se s  are  arranged  
accord ing  to  the le n g th  o f  labou r the u r ic  a c id  r i s e  during  
labour i s  found to  be much g r e a te r  than th a t  o f  normal p a t i e n t s  
with the same le n g th  o f  labour; the d i f f e r e n c e  being the r i s e  
due to  the  f i t s .
Post-partum  e c la m p tic s  show s im i la r  u r ic  a c id
changes r e l a t e d  to  labou r  and f i t s .  The r i s e  during labour
3 4 .
i s  s im i la r  to  th a t  in  normal p a t i e n t s  with the  same le n g th  
o f  labou r  but, a f t e r  d e l iv e r y ,  the  usua l rap id  r i s e  b eg in s  
a f t e r  the f i r s t  f i t .
I t  may th e r e fo r e  be conoluded th a t  labour ca u se s  
the  same r i s e  i n  plasma u r ic  a c id  i n  ec lam p tic  c a s e s  a s  in  
normal and n o n -c o n v u ls iv e  toxaem ic c a s e s .
Urea F in d in g s .
The plasma urea f in d in g s  in  th e se  eclam ptic  p a t i e n t s  
were much l e s s  s t r i k i n g  and l e s s  c o n s i s t e n t  than the u r ic  
a c id  f in d in g s .  In  in d iv id u a l  c a se s  changes in  plasma urea  
did  not c o in c id e  w ith  changes i n  plasma u r ic  a c id ,  and a 
co n sta n t  p r o p o r t io n  between the v a lu es  o f  th e s e  two n itr o g e n  
f r a c t io n s  was not found.
F in d in gs Before Onset o f  F i t s .
Table IV. shows the plasma urea f in d in g s  b e fo re  
the  o n se t  o f  f i t s  and labou r. These are taken from th e  
same s e r i e s  o f  c a s e s  as  in  Table I I I .  , though the  number 
o f  p a t i e n t s  in  whom urea was e s t im a ted  i s  r a th er  l e s s .
Table IV.
Plasma Urea V alues in  Normal and Non-Convulsive Toxaemic 
P a t ie n t s  a t  Term and i n  Eclam ptic P a t ie n t s  b efore  the  
Development o f  F i t s .
Number o f  
Cases.
Plasma Urea. Mg. per  100 c . c .
Mean. h- Range.
Normal Pregnant. 12 18 16 to  21
Mild P re -e c la m p t ic . 18 21 8 to  32
Severe P r e -e c la m p tic . 20 30 15 to  55
Eclam ptic b e fo re  F i t s . 9 32 21 to  47
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In  c o n tr a s t  to  the  u r ic  a c id  f in d in g s ,  the plasma 
urea v a lu e  i n  t h e s e  ec la m p tic  c a s e s ,  im m ediately  b efo re  the  
on set o f  f i t s  i s ,  i f  an y th in g , s l i g h t l y  h igh er  than the  
mean plasma urea in  the severe  n o n -co n v u ls iv e  p r e -e c la m p tic  
c a ses  a t  th e  same s ta g e  in  t h e i r  pregnancy.
The E f f e c t  o f  F i t s .
A fte r  th e  o n se t  o f  f i t s ,  w h ile  the plasma u r ic  
a c id  was mounting r a p id ly ,  the plasma urea was found to  
change very  l i t t l e .  In  a few c a se s  the urea value f e l l  
s l i g h t l y  fo r  1 to  2 hours a f t e r  the on set  o f  f i t s  w h ile  
in  o th e r s  i t  remained more or l e s s  c o n sta n t .  Several hours  
a f t e r  the  f i r s t  f i t  i t  began to  r i s e  in  most c a se s ;  t h i s  
occurred s lo w ly  and con tin u ed  fo r  varying le n g th s  o f  tim e. 
N eith er  the  h e ig h t  o f  the r i s e  nor i t s  du ration  appeared  
to  have any r e l a t i o n  to  the number o f  f i t s ;  a few p a t i e n t s  
with numerous f i t s  did not show any in c r e a se  in  plasma urea  
value  a t  a l l ,  w h ile  s e v e r a l  w ith  only  one or two f i t s  showed 
a d e f i n i t e  in c r e a s e  l a s t i n g  for 2 to  4 days.
The mean plasma urea changes in  8 o f  the c a se s  
examined b e fo r e  and a f t e r  the  o n se t  o f  f i t s  are  shown in  
Chart IX. ; th e  mean plasma u r ic  a c id  f in d in g s  from th e  same 
c a ses  a r e  in c lu d e d  fo r  comparison. The r i s e  in  urea la g g ed  
behind the  r i s e  i n  u r ic  a c id ;  in  many c a se s  the maximum 
blood urea v a lu e  was reached about 24 hours a f t e r  th e  l a s t  
f i t .  Very h igh  urea v a lu e s  w ith a much delayed  retu rn  to  
normal occurred  i n  the same c a s e s  in  which the h igh  u r ic  
a c id  v a lu e s  p e r s i s t e d  fo r  s e v e r a l  days and were r e la t e d  to
a p e r io d  o f  o l i g u r i a .
The E f f e c t  o f  Labour.
I t  has been found to  be im p o ss ib le  to  dem onstrate  
c l e a r l y  th a t  lab ou r  ca u se s  changes in  plasma urea s im i la r  
to  th o se  a lre a d y  shown to  occur in  th e  plasma u r ic  a c id .
The rea so n s  fo r  t h i s  a r e ,  th a t  th e  changes o f  plasma urea  
fo l lo w in g  c o n v u ls io n s  are  i r r e g u la r  and tend to be pro longed ,  
thus f r e q u e n t ly  o b scu r in g  the e f f e c t  o f  labour; and a l s o ,  
that any r i s e  in  plasma urea which i s  caused by labour occu rs  
l a t e r  than  the  u r ic  a c id  r i s e  and i s  sm all i f  the labour i s  
sh o r t .  In a few o f  the  c a s e s  o f  the p r e sen t  s e r i e s ,  however, 
in  which a week or more e la p se d  between the f i t s  and labou r,  
the  f in d in g s  in d ic a t e  th a t  changes o f  plasma urea, due to  
lab ou r , occur as i n  normal c a s e s .
37.
The E f f e c t  o f  C onvulsions on Plasma U ric  Acid  
and Urea i n  Non-Pregnant P a t ie n t s ,  and in  Anim als.
The occu rren ce  o f  the u r ic  a c id  r i s e  im m ediately  
a f t e r  th e  f i r s t  ec lam p tic  f i t ,  and the  p ro p o r tio n  between  
the  h e ig h t  o f  th e  r i s e  and the  number o f  f i t s ,  su g g e s ts  th a t  
the r i s e  i s  a d i r e c t  consequence o f  the f i t s .  In  order to  
i n v e s t i g a t e  t h i s  p o in t ,  the u r ic  a c id  f in d in g s  in  a s e r i e s  
o f  10 p a t i e n t s  (C ases 146 to  155) r e c e iv in g  “c o n v u ls io n  
therap y*1 fo r  mental d is o r d e r s ,  were s tu d ied . Most o f  th e  
p a t i e n t s  were women between th e  ages  o f  20 and 40 y e a rs ,  who 
were s u f f e r in g  from sc h iz o p h re n ia  or m a n ic -d ep ress ive  p s y c h o s is  
but were p h y s i c a l l y  h e a lth y .  The convulsant drug used was 
Azoman, a p r o p r ie ta r y  p r e p a r a t io n  s im ila r  to C ardiazol. I t  
i s  g iv e n  in tr a v e n o u s ly ;  th e  l a t e n t  p er io d  between the i n j e c t i o n  
and th e  c o n v u ls io n  i s  very sh ort (5  seconds to  10 m in u tes) .
For the  p r e se n t  stu dy  4 blood samples were taken  
fo r  exam ination; one im m ediate ly  before  the in j e c t io n  o f  
Azoman and th e  o th e r s  a t  h a lf -a n -h o u r ,  four hours, and twenty  
four hours a f t e r  th e  f i t .  Plasma u r ic  a c id  and urea were 
est im a ted  i n  a l l  sam ples. Two o f  th e  p a t i e n t s  (Cases 154 a*nd 
155) d id  not co n v u lse  a f t e r  the i n j e c t i o n ,  due to  i n s u f f i c i e n t  
dosage or acq u ired  t o le r a n c e  to  the drug; th e s e  two serv e  as  
c o n tr o ls  f o r  the  a c t i o n  o f  th e  drug i t s e l f .  The r e s u l t s  are  
shown i n  Table V.
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Table V.
Mean U ric  Acid and Urea Changes a f t e r  Azoman Convulsions in  
Uon-Pregnant P a t ie n t s .
Number
of
Fits.
U ric  Acid.
Mg. per  100 c . c
Urea.
Mg. per  100 c . c .
Before
F i t s .
A f te r  F i t s .
^ h r . 4 h r s .  24 h r s
Before
F i t s . i  hr.
A fter  F i t s .
4 h rs .  24 h r s .
0 3 .8 3-5 3 .8 - 28 24 25 -
1 3*2 4 -3 5 -3 4 .1 22 22 23 27
2 3 .3 4 .9 8 .7 6. 4 25 26 ‘ 25 37
In Chart X. th e  changes i n  the  plasma u r ic  a c id  fo l lo w in g  
the  f i t  are  p l o t t e d  as  in  Chart VI. In every case  a f t e r  
th e  c o n v u ls io n  th e r e  was an immediate r i s e  in  plasma u r ic  
a c id .  The r i s e  con tin u ed  fo r  3 to  4 hours, a f t e r  which 
time the  v a lu e s  s lo w ly  returned to  normal, but, a t  24 hours 
a f t e r  th e  f i t  th ey  were s t i l l  above the o r ig in a l  va lu e  in
a l l  c a s e s .  In  one c a se  (Case 1 4 6 ) t h e p a t ie n t  had two
sev ere  c o n v u ls io n s ;  i t  w i l l  be seen from the ta b le  and 
Chart th a t  th e  r e s u l t a n t  r i s e  in  u r ic  a c id  was much g r e a te r  
than i n  th e  c a s e s  w ith  o n ly  one co n v u ls io n . This, i s  in  
agreement w ith  th e  f in d in g s  in  eclam psia; but i t  w i l l  be 
n o t ic e d  th a t  the  r i s e  in  plasma u r ic  a c id  in  th e  Azoman 
c a ses  i s  even g r e a te r  than in  the ec la m p tics .  In  the two
c a se s  w ithout c o n v u ls io n s  the plasma u r ic  a c id  did  n o t  show
any change, in d ic a t in g  th a t  the r i s e  in  u r ic  a c id  in  th e
39.
other c a s e s  was due to  th e  c o n v u ls io n  and not to  the drug 
i t s e l f .
In  a l l  c a s e s  the  plasma urea v a lu e s  remained 
p r a c t i c a l l y  co n sta n t  fo r  a lon g  time a f t e r  the f i t s ,  but, 
sometimes the  v a lu e s  ob ta in ed  24 hours a f t e r  the  c o n v u ls io n  
showed a s l i g h t  r i s e .  This f in d in g  i s  very s im i la r  to  the  
changes in  ec la m p tic  p a t i e n t s .
The change in  plasma u r ic  a c id  a f t e r  th e se  
a r t i f i c i a l l y  produced c o n v u ls io n s  was a lso  s tu d ie d  in  14  
r a b b its ;  an i n j e c t i o n  o f  the  ap p rop ria te  dose o f  Azoman 
was g iv e n  in tr a v e n o u s ly  and a t y p ic a l  c o n v u ls io n  with to n ic  
and e lo n ic  ph ases  occurred  w ith in  a few seconds. In every  
ca se  th e r e  was a r i s e  in  plasma u r ic  a c id  soon a f t e r  th e  
c o n v u ls io n .  The mean r e s u l t s  are  shown i n  Table VI.
Table VI.
R ise  i n  Plasma Uric Acid due to  
Azoman C onvulsions in  R abbits.
Plasma Uric Acid: Mr. per 100 c . c .
B efore  I n j e c t io n . 0 .5
i  hour a f t e r  f i t . 2.7'
2 hours a f t e r  f i t . 3 .1
4 hours a f t e r  f i t . 1 .7
I t  was found th a t  i f  the  procedure was rep eated  on one 
rab b it  on s u c c e s s iv e  days, the  u r ic  ac id  r i s e  fo l lo w in g  a 
c o n v u ls io n  became l e s s .  The p a t i e n t s  r e c e iv in g  “co n v u ls io n  
therapy" were made to  co n v u lse  every th ir d  day, but a
40.
red u ctio n  in  th e  u r ic  a c id  r i s e  was not noted  in  th e se  
p a t i e n t s ,  even a f t e r  s e v e r a l  weeks o f  t h i s  treatm ent.
The r e s u l t s  from t h i s  s e r i e s  o f  c a se s  in d ic a t e  
th a t  n on -ec lam p tic  c o n v u ls io n s  cause  a rap id  and marked 
r i s e  in  plasma u r ic  a c id  though th ey  cause l i t t l e  immediate 
change i n  th e  plasma urea l e v e l .  This g iv e s  fu r th e r  support  
to  the  view  th a t  the  h igh  u r ic  a c id  v a lu e s ,  found in  
ec lam p tic  p a t i e n t s  some hours a f t e r  the on se t  o f  f i t s ,  
have been caused  in  g r e a t  part by the bon vu ls ion s per  s e .  
Wuth ( 1 9 2 6 ) s tu d ie d  the b lood changes in  e p i l e p t i c  c a se s  
a f t e r  c o n v u ls io n s ;  h i s  e s t im a t io n s  were made once or tw ice  
on each p a t i e n t  but o n ly  a t  i n t e r v a l s  o f  24 hours or more. 
H is f in d in g s  show a r i s e  in  the  n o n -p r o te in  n i tr o g e n ,  u r ic  
a c id  and c r e a t in in e  v a lu e s  fo l lo w in g  e p i l e p t i c  c o n v u ls io n s .  
This i s  presum ably a s im i la r  e f f e c t  to  th a t  in  eclam psia  
or i n  Azoman c o n v u ls io n s .
D isc u s s io n .
The plasma u r ic  a c id  in  ec lam p tic  p a t i e n t s  i s  
in f lu e n c e d  by th ree  f a c t o r s  -  labou r, preced ing  h y p er ten s iv e  
toxaem ia and c o n v u ls io n s .  Labour causes  the  same changes 
i n  plasma u r ic  a c id  in  th e se  c a se s  as in  normal cases, though 
the r i s e  due to  t h i s  cause  in  eclam ptic  c a s e s ,  i s  o f t e n  
sm all because the labou r  i s  u s u a l ly  sh o rt .  The u r ic  a c id  
value  b e fo re  the  o n se t  o f  f i t s  and labour may show a s l i g h t  
r e l a t i o n  to  the c l i n i c a l  s e v e r i t y  o f  the toxaem ia, but i t  
i s  o f t e n  s u r p r i s in g ly  low. By fa r  the most important f a c to r  
in  ca u s in g  a h igh  u r ic  a c id  va lu e  in  ec lam p tic  c a ses  i s  the
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very rap id  in c r e a s e  which i s  caused by the a c tu a l  c o n v u ls io n s;  
the e x te n t  o f  t h i s  in c r e a s e  i s  r e la t e d  to  the number o f  
co n v u ls ion s .
High v a lu e s  fo r  u r ic  a c id  i n  eclam psia  have been 
reported by v a r io u s  workers (W illiam s, 1921; Caldw ell and Lye,
1921; K i l l i a n  and Sherwin, 1921; Hellmuth, 1923; Heynemann,
1924; P la s s ,  1924; Stander, 1924; Stander, Duncan and S is so n ,  
1925; Bokelmann and Rother, 1925; Stander and R adelet, 1 926 ; 
Cruickshank, H ew itt and Couper, 192J; Stander and Cadden, 1 934).  
In most c a se s  th e s e  can be s u f f i c i e n t l y  ex p la in ed  by the f a c t  
that the  d e ter m in a t io n s  were always made some time a f t e r  the  
onset  o f  f i t s .
Stander and Oadden ( 1934b), s t a t e  th a t ,  the  h ig h  u r ic  
a c id  v a lu e s  in  ec lam p tic  p a t i e n t s  are out o f  a l l  p ro p o r tio n  to  
the s l i g h t  changes i n  th e  o th er  n itr o g e n o u s  c o n s t i t u e n t s  o f  the  
blood and are  p r e se n t  b efore  th e  outbreak o f  co n v u ls io n s;  th ey  
give  f i g u r e s  to  support t h i s  s ta tem en t, however, not from 
eclam ptic  p a t i e n t s  b e fore  co n v u ls io n s  but from p r e -e c la m p tic  
p a t ie n t s  who did not develop  c o n v u ls io n s .  They show a chart  
of the  "average u r ic  a c id  v a lu e s  in  110 ec lam ptic  and 38 p re­
eclam ptic  cases"  ( s e e  Chart X I .)  and s t a t e  th a t  they  are  unable  
to e x p la in  the  d e p r e s s io n  i n  the curves s h o r t ly  b efore  d e l iv e r y ,  
but th a t  t h i s  may prove o f  s i g n i f i c a n c e  when more i s  known about  
purine m etabolism . I t  seems obvious from the p resen t  r e s u l t s  
that t h i s  d e p r e ss io n  i s  an a n te fa c t  due to  the in c lu s io n  o f  both  
ant e -par  turn and in tr a -p a r  turn ec lam p tic  c a ses ;  the u r ic  a c id  
values i n  ante-partum  e c la m p t ic s ,  recover in g  from f i t s ,  f a l l
42.
f a l l  b e fo re  th e  o n s e t  o f  labour and th e  v a lu es  in  in t r a ­
partum e c la m p t ic s  b e fo re  labour are  low. The grea t  in c r e a se  
in  u r ic  a c id  v a lu e s  seen  during labour i s  due to  the  normal 
r i s e  due to  labou r  i n  both ant e -p ar  turn and intra-partum  c a s e s , 
to g eth er  w ith  the  r i s e  due to  f i t s  in  the intra-partum  c a s e s .
Cadden and Stander ( 1939)> in  & fu r th e r  i n v e s t i g a t io n  
o f the b ioch em ica l f in d in g s  in  ec lam psia , g iv e  ta b le s  showing  
the f in d in g  ’’b e fo r e ,  during and a f t e r  c o n v u ls io n s .  ” Their  
f ig u r e s  show h ig h e s t  u r ic  a c id  v a lu e s  during co n v u ls io n s  but 
the e s t im a t io n s  were not made fr e q u e n t ly  enough to  show the  
d e f i n i t e  r e l a t i o n  between the u r ic  a c id  v a lu e s  and the  
c o n v u ls io n s .  They found no impairment o f  u r ic  a c id  e x c r e t io n  
in  t h e i r  c a s e s  and concluded th a t  the  h igh  v a lu e s  were not due 
to ren a l i n s u f f i e n c y  but were probably the r e s u l t  o f  d im in ished  
u r ic  a c id  d e s t r u c t io n  i n  the  l i v e r .  In the p resen t  s e r i e s  the  
great r a p id i t y  o f  the  r i s e  in  plasma u r ic  a c id  in  a l l  c a s e s ,  
without any concom itant rap id  r i s e  in  the blood urea, s u g g e s ts  
a s im ila r  c o n c lu s io n ,  i . e .  th a t  the r i s e  i s  due to  some in c r e a se  
in  u r ic  a c id  p ro d u ctio n  or d im inished  u r ic  a c id  d e s tr u c t io n  
rath er  than  to  a ren a l r e t e n t io n .  Some eclam ptic  p a t i e n t s  do 
show ev id en ce  o f  im paired ren a l fu n c t io n  ( o l i g u r i a ,  r i s i n g  
blood urea  and p e r s i s t e n c e  o f  h igh  u r ic  a c id  v a lu e s )  a f t e r  the  
co n v u ls iv e  p e r io d  ( o f t e n  fo r  24 to  43 hours a f t e r  th e  l a s t  f i t ) ,  
and t h i s  ev id en ce  p e r s i s t s  u n t i l  a good u r in ary  output i s  
e s ta b l i s h e d .  This ren a l  impairment appears l a t e  in  th e  d i s e a s e
end o n ly  i n  some o f  the c a s e s .  Stander and Cadden ( 1934b) and
43.
Frey (1 9 2 3 ) ,  record  s im i la r  f in d in g s .  I t  i s  o f  i n t e r e s t  to  
note th a t  Dunn and P o iso n  (1926) o b ta in ed  a marked r i s e  in  
blood urea  i n  r a b b it s  a f t e r  the  in traven ous i n j e c t i o n  o f  very  
la rge  amounts o f  u r ic  a c id .  This was, however, due to  a 
s p e c i f i c  damage to  th e  kidney; th e r e  i s  l i t t l e  ev id en ce  th a t  
the r e l a t i v e l y  low u r ic  a c id  l e v e l s  i n  eclam psia  have any 
comparable e f f e c t  on the  human kidney.
The p r e sen t  work does not in c lu d e  any d ir e c t  attem pt  
to a s c e r t a in  the  cause  o f  th e  u r ic  a c id  r i s e  a f t e r  c o n v u ls io n s .
I t  has been shown by va r io u s  workers t h a t ,  a f t e r  c o n v u ls io n s ,  
th ere  i s  an in c r e a s e  in  b lood sugar, (Maclean, 1936; T itu s ,
W i l l e t t s  and Lightbody, 193°)> blood l a c t i c  a c id  (Stander and 
R adelet, 1 9 2 6 ) ,  and in o r g a n ic  phosphate (S tander, Duncan and 
S is so n , 1 925);  th e s e  b lood  f r a c t io n s  are a l l  products o f  muscle  
metabolism and are  produced, presumably, by the muscular e f f o r t  
o f  the c o n v u ls io n .  Burian and Schnur ( 1910) have shown th a t  
uric  a c id  i s  formed by th e  breakdcm  o f  muscle hypoxanthine  
and i t  i s  presumably a l s o  produced by the a c tu a l  muscular e x e r t ia i  
during a c o n v u ls io n .  In  a h e a l th y  s u b je c t ,  however, F o l in ,
Berglund and D errick  ( 1924) have shewn th a t  any e x ce ss  o f  u r ic  
ac id  i s  e i t h e r  e x c r e te d  or r a p id ly  d estroyed  in  the body. The 
s i t e  o f  u r ic  a c id  d e s t r u c t io n  in  th e  dog has been shown to  be 
the l i v e r  (Bollm an, Mann and Magath, 1925; Gremels and Bodo, 1 9 2 6 ) ,  
and i t  i s  p o s s i b l e  th a t  some u r ic  a c id  may be d estro yed  norm ally  
by th e  human l i v e r .  I t  may, th e r e f o r e ,  be assumed t e n t a t i v e l y  
that the r i s e  o f  plasma u r ic  a c id  a f t e r  eclam ptic  c o n v u ls io n s
i s  due to  one or both o f  th e s e  f a c t o r s :  in c re a se d  u r ic  a c id  
production  by th e  muscular e x e r t io n ,  and d im in ished  d e s tr u c t io n  
of u r ic  a c id  by th e  l i v e r .
Summary.
The changes in  plasma u r ic  a c id  and urea occu rr in g  
b efore , during  and a f t e r  c o n v u ls io n s  in  labour have been s tu d ie d  
in  a s e r i e s  o f  ec lam p tic  p a t i e n t s .  A r i s e  o f  plasma u r ic  a c id  
was found to  occur i n  ev ery  c a se  im m ediately a f t e r  the  o n set  
o f  f i t s ,  th e  h e ig h t  o f  the r i s e  be ing  dependent on the  number 
o f  f i t s .  Plasma urea  v a lu e s  showed l i t t l e  immediate change 
a f t e r  f i t s  but a r i s e  was o f t e n  noted 24 or more hours l a t e r .  
Sim ilar f in d in g s  were o b ta in ed  a f t e r  a r t i f i c i a l l y  produced  
c o n v u ls io n s  i n  non-pregnant p a t i e n t s  and r a b b it s .
In ec la m p tic  p a t i e n t s  labour causes th e  same changes 
in  plasma u r ic  a c id  a s  in  normal c a s e s .
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S E C T I O N  IV.
CHANGES IN BLOOD CONCENTRATION IN NORMAL AND 
! TQXAEMIC PREGNANCY*
The occu rren ce  o f  hydraernia during pregnancy  
has been known fo r  many y e a r s ,  and has been shown by many 
workers u s in g  a v a r ie t y  o f  methods (N asse , 1876; Meyer, 
1887; R egnault, 1904; Z angem eister , 1904; Zunst, 1911; 
M ille r ,  K eith  and Rowntree, 1915; Mahnert, 1921; P la ss  
and B ogert, 1924; P la s s  and Matthews, 1926; Schoenholz,  
1929; Skajaa, 1929; Dieckmann and Wegner, 1934a; Oberst 
and P la s s ,  1935 and 1936; and Thomson, Hirsheim er, Gibson 
and Evans, '1938) .  More r e c e n t ly  i t  has been shown th a t ,  
in  the h y p e r te n s iv e  toxaem ias o f  l a t e  pregnancy, the normal 
hydraernia i s  o f t e n  a b sen t and the blood may be abnormally  
con cen tra ted . Rapid changes in  the c o n c en tr a t io n  o f  the  
blood have been shown to  occur i n  th e se  p a t i e n t s  e s p e c i a l l y  
about the  tim e o f  d e l iv e r y .  These rapid  changes i n  
co n c e n tr a t io n  cannot be measured by d ir e c t  e s t im a t io n s  o f  
blood volume, a s  th e s e  methods in v o lv e  in j e c t io n s  o f  dyes  
and cannot be rep ea ted  a t  sh ort  i n t e r v a l s  o f  time in  the  
same p a t i e n t .  Most au th ors are  agreed th a t ,  over sh ort  
period s o f  t im e, changes in  the p ro p o r tio n  o f  c e l l s  to  
plasma, a s  shown by r i s e  and f a l l  in  blood-haem oglobin, 
red-b lood c e l l  count and haem atocr it  read ing, may, in  th e
absence o f  haemorrhage, be taken  as  a f a i r l y  a ccu ra te  index  
o f  v a r ia t io n  i n  t o t a l  b lood  or plasma volumes, produced by 
changes i n  th e  w ater co n ten t  o f  the plasma. Of th e se  methods, 
the h a em atocr it  has been used most f r e q u e n t ly  i n  the study o f  
th ese  toxaem ic p a t i e n t s .
Skajaa (1 9 2 9 ) ,  Schwartz and Dieckmann (1 9 2 9 ) ,  and 
Dieckmann (1933) i n v e s t i g a t e d  haem oglobin and haem atocr it  
at va r io u s  i n t e r v a l s  b e fo re  and a f t e r  d e l iv e r y  in  p re-ec laraptic  
p a t ie n t s .  They found r a is e d  v a lu e s  before  d e l iv e r y  in d ic a t in g  
a r ed u c tio n  o f  b lood volume due to  c o n c en tr a t io n  o f  blood, and 
a great f a l l  i n  v a l u e s  during the f i r s t  few days o f  the  
puerperium, in d ic a t in g  an in c r e a s e  in  blood volume due to  
d i lu t io n  o f  b lood  a t  th a t  tim e.
Skajaa (1 9 2 9 ) ,  and Schwartz and Dieckmann (1929)  
emphasized the  r e l a t i o n  between the blood c o n cen tra t io n  and 
the toxaem ia and. concluded th a t  the marked post-partum  
d i lu t io n  was due to  the abatement o f  the toxaem ia. In a 
more d e t a i l e d  study, Dieckmann ( 1933) found th a t  the  p o s t ­
partum d i l u t i o n  o f  the b lood  occurred  in  p re -ec la m p tic  
cases  but not in  ch ron ic  toxaemic c a se s  and su ggested  th a t  
t h i s  f a c t  might be used  i n  d i f f e r e n t i a t i n g  the two types  o f  
ca ses .  Skajaa ( 1929) and Dieckmann ( 1933) were unable to  
f ind  any c o r r e l a t io n  between post-partum  blood d i lu t io n  and 
the amount o f  oedema p r e s e n t .  On the o ther  hand, P la s s  and 
Bogert (1924) i n  an i n v e s t i g a t i o n  o f  plasma p r o t e in  v a r ia t io n s
in  normal and toxaem ic p a t i e n t s  found plasma d i l u t i o n  a f t e r
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d e l iv e r y  i n  both ty p e s  o f  p a t i e n t s  but more marked in  the  
toxaemic on es . They noted th a t  the d i l u t i o n  c o in c id e d  with  
the d isappearance  o f  oedema, and concluded th a t  the d i l u t i o n  
was due to  the oedema f l u i d  e n te r in g  the b lood-stream . They 
suggested  th a t  th e  e x te n t  o f  the d i l u t i o n  v a r ied  w ith  the e x te n t  
o f the oedema but th ey  d id  not attem pt to  prove t h i s .
A d e t a i l e d  stu d y  does not appear to have been made 
o f  the changes in  b lood c o n c e n tr a t io n  in  normal c a se s  about 
the time o f  d e l iv e r y .  Denecke, from a review  o f  the l i t e r a t u r e  
in  1924, s t a t e d  t h a t  a r e d u c t io n  o f  blood volume may be found 
during labour in  normal c a s e s .  Payer (1 9 0 4 ) ,  Carton (1 9 2 4 ) ,  
and Horvath (1924) have shown th a t  in  c a p i l l a r y  blood an in c r e a se  
o f  a h a l f  to  one m i l l i o n  i n  the red -b lood  c e l l  count may occur  
during labou r  w ith  a re tu rn  to normal in  the puerperium;
E ck elt  (1919) no ted  s im i la r  changes in  the plasma p r o te in s  in  
normal c a s e s .  This in c r e a s e  was thought to be due to the  
muscular e f f o r t  and in c r e a se d  abdominal p ressu re  during labour  
cau sin g  more b lood to  be d r iv en  in to  the p e r ip h e r a l  c i r c u la t i o n .
The changes a f t e r  d e l iv e r y  were a t t r ib u t e d  to  blood l o s s  and 
the f i l l i n g  up o f  th e  sp la n ch n ic  c i r c u la t io n .  Dieckmann and 
Wegnel (1934a) s tu d ie d  changes i n  blood and plasma volumes in  
a la rg e  s e r i e s  o f  normal p a t i e n t s ,  but on ly  four p a t i e n t s  were 
examined fr e q u e n t ly  during labour and the e a r ly  puerperium.
In th ese  four p a t i e n t s ,  changes in  haem atocr it  v a lu es  were 
found in d ic a t in g  c o n c e n tr a t io n  o f  the blood during labour and 
d i lu t io n  a fterw a rd s . Oberst and P la s s  ( 193^) found in c re a se d
co n cen tra t io n  o f  plasma and c e l l s  e a r ly  in  labour and a 
further  in c r e a s e  in  c o n c e n tr a t io n  at d e l iv e r y .  Skajaa (1 9 2 9 ) ,  
however, found l i t t l e  or no change i n  haem atocr it  v a lu e s  in  
h is  normal c a s e s ;  th ey  were, however, not examined a t  frequ en t  
regu lar  i n t e r v a l s .
The p r e se n t  paper i s  a d e t a i le d  stu dy  o f  the changes  
which occu r  in  the r e d - c e l l  volume, e st im ated  by the h aem atocr it ,  
in  normal and toxaem ic p a t i e n t s  about the  time o f  d e l iv e r y  and 
in  the puerperium. Rapid v a r ia t io n s  in  haem atocrit may, 
t h e o r e t i c a l l y ,  be due to  a l t e r a t i o n s  in  the t o t a l  number o f  
red c e l l s  i n  the body, as a f t e r  haemorrhage or tr a n sfu s io n ;  
or to changes i n  s i z e  o f  the in d iv id u a l  red c e l l s ,  due to  
osm otic changes i n  blood; or to  changes in  the number o f  red  
c e l l s  per cu b ic  cen tim e tr e  o f  b lood , due to an in c re a se  or 
d ecrease  in  the  a b s o lu te  amount o f  water in  the plasma.
In a sm all p r e lim in a r y  s e r i e s ,  a ccu rate  haemoglobin  
e s t im a t io n s  were made a lon g  w ith  the haem atocrit  d eterm in ation s  
and i t  was found th a t  changes were a b s o lu t e ly  p a r a l l e l  i n  
in d iv id u a l  p a t i e n t s ,  i . e .  the r e l a t io n  between blood-haem oglobin  
and the t o t a l  c e l l  volume was co n sta n t except fo r  i n s i g n i f i c a n t  
v a r ia t io n s  w ith in  the  range o f  experim ental error . This 
constancy  o f  the volume index  in d ic a t e s  th a t  the changes in  
haem atocr it  v a lu e s  are  not due to sw e l l in g  or shrinkage o f  
red c e l l s .  The a c tu a l  s i z e  o f  red  c e l l s  in  pregnancy has been 
shown by Dieckmann and Wegner ( 1934b) be s l i g h t l y  la r g e r  
than normal, but t h i s  does not a f f e c t  the  p o in t  a t  i s s u e .
Changes in  th e  h aem atocr it  v a lu es  due to  changes in
CHART
Changes i n  H a e m a to c r i t ,  Haem oglobin and f l a s m a  H ro re in s  
a b o u t  th e  tim e o f  D e l iv e r y .  .--------
.  . H*£flATO CftiT
. O LO ib  i im
VPL E. S
£ boj^ox-
6 Go/o307.
4 M M -
I ■ptt-WE Ay |
"pevys rvwrepiwrm To^ r'faivruf“\
the t o t a l  number o f  red  c e l l s  in  the body do occur in  c e r t a in  
ca ses ,  but th e s e  c a se s  can be e a s i l y  rec o g n ise d  because th ey  
are due to  e a s i l y  a s c e r ta in e d  f a c t o r s .  A l o s s  o f  red c e l l s  
may be due to  haemorrhage which i s  noted c l i n i c a l l y  or to  
haem olysis  which i s  shown by b i l i r u b i n  e s t im a t io n s ,  A rap id  
in c re a se  i n  red  c e l l s  may be due to  blood tr a n s fu s io n ,  and the  
volume o f  t h i s  i s  known. R egen eration  o f  red c e l l s  i s  a slow er  
p ro cess  and o n ly  p la y s  a p art in  gradual changes i n  haem atocr it .  
P a t ie n t s  i n  whom the t o t a l  number o f  red c e l l s  in  the body i s  
a l t e r e d  suddenly  can, th e r e fo r e ,  be con sid ered  s e p a r a te ly  from 
the o th e r s .
The cause o f  the changes in  the haem atocrit i s  the  
d i l u t i o n  or c o n c e n tr a t io n  o f  the blood due to the passage  o f  
water from the t i s s u e s  to  plasma or v ic e -v e r s a .  This water  
n a tu r a l ly  c a r r i e s  w ith  i t  d i f f u s a b le  e l e c t r o l y t e s  and a c e r t a in  
amount o f  p r o t e in .  In the p r e sen t  s e r i e s  plasma p r o te in  
e s t im a t io n s  were made d a i ly  for  se v e r a l  days before  and a f t e r  
d e l iv e r y  i n  10 p a t i e n t s  (Cases 24 , 25 , 47, 51 , 79 , 81 , 93 , 9 4 ,
95 and 1 1 5 ) .  The mean r e s u l t s  fo r  plasma p r o te in ,  haemoglobin, 
and h a em atocr it  from th e se  p a t i e n t s  are p lo t t e d  in  Chart XII. 
to  show the  changes about the time o f  d e l iv e r y .  The haemoglobin  
and h a em atocr it  cu rv es  run a b s o lu t e ly  p a r a l l e l  as has been 
noted e a r l i e r .  The plasma p r o t e in  changes are  s im i la r  to the  
haem atocrit  changes, but the r i s e  and f a l l  o f  the curve i s  
l e s s  in  the  c a se  o f  the p r o te in s  because the f l u i d  e n te r in g
and le a v in g  th e  b lood-stream  c a r r ie s  a c e r t a in  amount o f
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p r o te in  w ith  i t .  The c o n c lu s io n  that the changes o f  th e  
haem atocrit  are  due to  the t r a n s f e r  o f  f l u i d  from the blood  
to the t i s s u e s  and v i c e - v e r s a  i s  in  agreement w ith the  
f in d in g s  o f  Oberst and P la s s  (1935 and 1936) who estim ated  
changes in  c e l l  volume, s p e c i f i c  g r a v ity ,  and water conten t o f  
the b lood , haem oglobin and plasma p r o te in s  i n  pregnant women 
at term, during d e l iv e r y ,  and in  the puerperium., and found 
correspond ing  changes i n  a l l  f r a c t io n s .
P resen t Technique.
In the p r e sen t  i n v e s t i g a t i o n  venous blood was 
drawn from the  arm w ithout any o b s tr u c t io n  to  the blood flow .  
Haem atocrit rea d in g s  were made u s in g  a standard tech n iq u e ,  
and care  was taken  th a t  a l l  d e t a i l s  were the same in  every  
c a se .  The h aem atocr it  v a lu e s  are  recorded as the  percen tage  
o f  the  volume o f  the  whole b lood  which c o n s i s t s  o f  c e l l s .
The normal h aem atocr it  f in d in g s  with t h i s  tech n iq u e  
were as  fo l lo w s ;
Normal non-pregnant fem ale , 42; corresponding to  
haem oglobin o f  84 Pe  ^ c en t.
Normal pregnant fem ale a t  39 weeks, 33; correspond ing  to  
haem oglobin o f  68 per cen t.
The s e r i e s  s tu d ied  throughout d e l iv e r y  c o n s i s t e d  o f  
96 c a s e s  which have been c l a s s i f i e d  as fo l lo w s;
20 normal c a se s ;  56 p r e -e c la m p tic  c a ses ;
20 ch ro n ic  toxaem ic c a se s .
P a t ie n t s  w ith  any c o n v u ls io n s ,  e c la m p tic ,  e p i l e p t i c
or h y s t e r i c a l  have been exclud ed  from the p resen t  s e r i e s .
H aem atocrit read in g s  were made about 7 days a n te -
partum, near the o n se t  o f  labour and l a t e  in  labou r, and 
d a ily  during the f i r s t  3 to  5 days o f  the puerperium, a f t e r  
which rea d in g s  were made a t  i n t e r v a l s  o f  2 to  3 days t i l l  
the p a t i e n t * s  d i s m is s a l .  In many o f  the toxaemic c a se s  
readings were made a t  1 -d ay  or 2-day in t e r v a l s  during th e  
l a s t  few weeks a n te -p a r  turn, and in  many o f  the normal and 
toxaemic c a s e s  the b lood was examined a t  in t e r v a l s  o f  a few 
hours during labour and the f i r s t  day a f t e r  d e l iv e r y .  Only 
the mean f ig u r e s  are g iv e n  in  t h i s  s e c t io n ;  the in d iv id u a l  
ca ses  showed th e  u su a l s c a t t e r ,  but the v a r ia t io n s  in  each  
in d iv id u a l  c a se  f o l lo w  q u ite  c o n s i s t e n t l y  the mean f ig u r e s  
for the group.
Ante-Parturn F in d ings.
The mean haem atocr it  v a lu e s  for a l l  c a se s  in  each 
group are  shown i n  the fo l lo w in g  ta b le :
Table VII.
Normal. P re -ec la m p tic .
Chronic
toxaem ic.
Range. Mean. Range. Mean. Range. Mean.
7 days ante-partum . 29 to  37. 33 24 to  42 . 35 20 to  44* 33
At onset o f  labou r. 29 to  39. 36 25 to  43- 36 22 to  45- 34
Seven days a n te —parturn th e  mean va lue fo r  p re—eclam ptic  c a se s  
i s  s l i g h t l y  h ig h e r  than th a t  o f  the  normal, w h ile  the mean
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value fo r  the  ch ron ic  toxaem ic c a se s  i s  about normal. The 
range o f  the  v a lu e s  in  both the p r e -e c la m p tic  and chronic  
toxaemic groups i s  c o n s id e r a b ly  g rea ter  than in  the normal 
group. The s i g n i f i c a n c e  o f  th e se  f in d in g s  w i l l  be d isc u sse d  
la t e r  w ith  the  f in d in g s  during labour and p o s t -p a r  turn. I t  
w il l  be n o t i c e d  th a t  the mean v a lu e s  for each group show th a t  
the blood becomes ra th er  more con cen tra ted  during the week 
before the o n se t  o f  labou r. In  the p re -ec la m p tic  c a se s  s tu d ied  
during th e  l a s t  few weeks ante-partum  i t  was found that the  
haem atocrit v a lu e s  v a r ie d  from day to day. With very few  
ex ce p t io n s  a r i s e  in  h aem atocr it  was found to accompany in c re a se d  
s e v e r i t y  o f  the toxaemic s ig n s  w h ile  a f a l l  in  haem atocrit  
accompanied c l i n i c a l  improvement. (T his i s  in  agreement w ith  
the work o f  Skajaa ( 1929) ,  Dieckmann ( 1933)> and Schwartz and 
Dieckmann (1 9 2 9 ) .  S im ilar  exam inations were made in  o n ly  a 
few normal c a s e s  but in  th e se  the value was more c o n sta n t ,  
showing o n ly  a gradual r i s e  b efore  the o n se t  o f  labour.
Changes during Labour and th e  Puerperium.
In  a l l  c a s e s ,  normal and toxaem ic, the haem atocr it  
f ig u r e s  showed a r i s e  during labour fo llo w ed  by a f a l l  during  
the f i r s t  3 days o f  the puerperium. The r i s e  and f a l l  v a r ie d  
in  ex ten t  from c a se  to  c a se  but were in v a r ia b ly  p r e se n t .  In  
most p a t i e n t s  the v a lu e s  in c r e a se d  s t e a d i l y  during labou r,  
reaching a maximum a t  d e l iv e r y  or a few hours post-partum ,  
a f te r  which they  began to  f a l l .  In  a few c a s e s  the va lu es
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remained h igh  or even in c r e a se d  6 to 12 hours a f t e r  d e l iv e r y ,  
and then f e l l ,  w h ile  i n  o th er  c a s e s  the haem atocr it  va lue  
reached a maximum e a r ly  in  lab ou r , and showed a s l i g h t  d ecrease  
before d e l iv e r y ,  a f t e r  which the d e f i n i t e  post-partum  f a l l  
began. I t  w i l l  be shown l a t e r ,  in  S e c t io n  V I I . ,  th a t  a de layed  
f a l l  i n  haem atocr it  v a lu e s  a f t e r  d e l iv e r y  o f t e n  accompanies 
sign s o f  s l i g h t  post-partum  c o l la p s e .  In p a r t ic u la r  th e  
extent o f  th e  r i s e  during labou r was found to  be u n re la ted  
to the le n g th  or s e v e r i t y  o f  th e  labou r. In  the fo l lo w in g  
ch a r ts ,  the maximal va lue  o b ta in ed  on the day o f  d e l iv e r y  
has been used  as the f ig u r e  fo r  d e l iv e r y .  The mean haem atocrit  
values o f  10 normal c a se s  ( p a t i e n t s  who were d e l iv e r e d  by 
forcep s or who had had haemorrhage or were in f e c t e d  be ing  
excluded) from 7 days ante-partum  t i l l  10 days post-partum  
are shown i n  Chart X III .  The curve shows a r i s e  i n  v a lu es  
from 7 days ante-partum  and reach es  a maximum a t  d e l iv e r y .
The h aem atocr it  v a lu e s  d ecrea se  r a p id ly  during the 1 s t  day 
post-partum  and the f a l l  c o n t in u es  more s lo w ly  t i l l  the Jxd 
day post-partum  when the v a lu e s  are d e f i n i t e l y  below the  
o r ig in a l  ante-partum  l e v e l .  A fter  the Jxd day post-partum , 
the curve b eg in s  to  r i s e  s t e a d i l y ,  approaching normal non­
pregnant l e v e l s  by the 10th  day post-partum . The post-partum  
d i lu t io n  i s  d e f i n i t e l y  not due to blood l o s s ;  i t  appears to  
be an o v er—compensatiob for  the in c r e a se  in  blood c o n c e n tr a t io n  
which occu rred  b e fo re  d e l iv e r y .
S evera l f a c t o r s  were found to  in f lu e n c e  the  ex ten t
of the post-partum  d i l u t i o n ,  and th e se  w i l l  be d e a lt  w ith  
before a comparison i s  made between the d i f f e r e n t  types o f  
cases*
F a cto rs  In f lu e n c in g  Post-Fartum D i lu t io n ,
A g r e a te r  post-partum  f a l l  in  the haem atocrit v a lu es  
was found to  be produced by th r ee  fa c to r s :  haemorrhage, 
d e l iv e r y  by fo r c e p s ,  and i n f e c t i o n .  Normal and toxaemic c a se s  
were a f f e c t e d  a l i k e ,  and i n  order  to  demonstrate th e se  changes  
a l l  the c a s e s  from the s e r i e s  have been d iv id ed  in to  four  
groups.
(a) 57 p a t i e n t s  d e l iv e r e d  sp ontan eou sly  without haemorrhage
or w ith  o n ly  i n s i g n i f i c a n t  b leed in g  and without any 
subsequent i n f e c t i o n .
(b) 7 p a t i e n t s  w ith  moderate or se v er e  haemorrhage a t
d e l iv e r y .  No e x a ct  measurements o f  haemorrhage were 
made; the  amount in  every  case  was estim ated  c l i n i c a l l y  
as none, s l i g h t  (about 200 c . c . ) ,  moderate, or se v er e .  
Haemorrhage l e s s  than 200 c . c .  was con sid ered  
i n s i g n i f i c a n t .
(c )  21 p a t i e n t s  d e l iv e r e d  by fo rc ep s  w ithout haemorrhage or
i n f e c t i o n .
(d) A l l  the  p a t i e n t s ,  11 in  number, in  whom th ere  was any
e le v a t io n  o f  tem perature during the puerperium, 
e x c lu d in g  s l i g h t  r e a c t io n a r y  tem peratures on th e  f i r s t  
day post-partum .
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The mean haem atocr it  v a lu es  fo r  th e s e  four groups 
have been p l o t t e d  in  Chart XIV. P a t ie n t s  d e l iv e r e d  sp ontan eou sly ,  
without haemorrhage or i n f e c t i o n ,  show the sm a l le s t  post-partum  
f a l l  in  h aem atocr it  v a lu e s .  I t  i s  obvious th a t  much haemorrhage 
at d e l iv e r y  w i l l  cause  a marked post-partum  f a l l  as a r e s u l t  
of a c tu a l  l o s s  o f  c e l l s  and the compensatory blood d i l u t i o n  
which f o l lo w s  any l o s s  o f  b lood . The graph shows a much s te e p e r  
post-partum f a l l  i n  th e se  haemorrhagic c a s e s ,  c h i e f l y  w ith in  
the f i r s t  24 hours; the minimal va lue  being reached on the 3rd 
day post-partum . A d e f i n i t e  r i s e  in  the haem atocrit v a lu es  
begins a f t e r  the  ^th day, but the mean value i s  s t i l l  w e l l  
below normal a t  10 days post-partum . The average l o s s  in  th ese  
cases  i s  between 500 c . c .  and 600 c . c .  In theory , ta k in g  the  
blood volume a s  5 l i t r e s  and assuming th a t the volume i s  
m aintained by d i l u t i o n  a f t e r  a haemorrhage, the l o s s  o f  550 c . c .  
would reduce the haem atocr it  by o n e -n in th , i . e .  from 36 to J>2.
This i s  superimposed on the f a l l  o f  7 which occurs i n  spontaneous  
d e l iv e r i e s  w ithout haemorrhage. As a r e s u l t  o f  t h i s  com bination  
of 4 + 7, the  exp ected  f a l l  i n  th e se  c a se s  would be from 36 to  
25, which i s  the  a c tu a l  drop seen  in  Chart XIV.
The curve from p a t i e n t s  who were d e l iv e r e d  by fo rcep s  
shows a post-partum  f a l l  resem bling  th a t  o f  the haemorrhage 
cases excep t  th a t  i t  i s  o f  l e s s e r  e x te n t .  In d e l iv e r y  by forcep s,  
s l ig h t  haemorrhage, a s  from an ep isio tom y, i s  o f t e n  regarded  
as normal and l e f t  unnoted in  the c l i n i c a l  reco rd s . Though
every p a t i e n t  in  whom even moderate haemorrhage was noted has
been excluded , i t  seems probable  th a t  the s l i g h t  and unnoted  
haemorrhage o c cu rr in g  i n  p a t i e n t s  d e l iv e r e d  by fo rcep s  accou n ts  
for the g r e a te r  f a l l  in  h aem atocr it  f ig u r e s  in  th e se  c a s e s ,  as  
compared w ith  spontaneous d e l i v e r i e s .  In order to  exclude  th e  
p o s s i b i l i t y  th a t  the  g r e a te r  f a l l  was due to  the a n a e s th e t ic  
at d e l iv e r y ,  a study was made o f  a s e r i e s  o f  p a t i e n t s  in  which 
an a n a e s th e t ic  was g iv e n  for  va r io u s  purposes 2 or 3 weeks 
before d e l iv e r y .  The o n ly  change found was a r i s e  o f  about 1 
in  the h aem atocr it  v a lu e s  fo r  24 to  48 hours a f t e r  the  a n a e s th e t ic .  
The a n a e s th e t ic  a t  d e l iv e r y  thus p layed  no p art in  the g r ea ter  
f a l l  o f  haem atocr it  r ea d in g s  i n  the p a t i e n t s  d e l iv e r e d  by fo r c e p s .
The f in d in g s  in  the group o f  c a se s  l a b e l l e d  i n f e c t i o n  
are very s t r i k i n g .  Of the chronic  toxaem ic c a s e s ,  none o f  th e  
p a t ie n t s  became in f e c t e d ;  a l l  the in f e c t e d  c a se s  are from the  
p r e -e c la m p tic  and normal groups. In 10 o f  the 11 ca ses  the  
i n f e c t i o n  o f  the p a t i e n t  was m ild , shown by s l i g h t  ir r e g u la r  
fev e r  and o f f e n s i v e  lo c h ia ;  c e r v ic a l  swabs were n e g a t iv e  fo r  
haem olytic  s t r e p t o c o c c i  and th ere  was not any evidence o f  
haem olysis  as shown by the van den Bergh r e a c t io n  on the  plasma.
In the rem aining c a se  (Case 53) i n f e c t i o n  was due to  
haem olytic  s t r e p t o c o c c i  and a p o s i t i v e  van den Bergh r e a c t io n  
in  the plasma a ffo r d e d  d e f i n i t e  ev idence  th a t  haem olysis  was 
occu rrin g . The most important f in d in g  in  th e se  c a se s  was the  
very low ante-partum  haem atocr it  read ings; indeed , t h r e e -  
quarters o f  the  p a t i e n t s  from the  normal and p re -ec la m p tio  
groups, who had ante-partum  v a lu e s  be].ow JQ, f e l l  in to  t h i s
group, i . e .  became i n f e c t e d  i n  the puerperium. The graph 
for  th e s e  c a s e s  shows a very marked post-partum  f a l l  and the  
f a l l  c o n t in u e s  lo n g e r  than th a t  o f  the haemorrhagic c a ses ;  
the h aem atocr it  r ea d in g s  do not reach t h e ir  minimum u n t i l  
the $th day post-parturn. This a s s o c ia t io n  between ante-partum  
anaemia and post-partum  i n f e c t i o n  appears to be o f  im portance. 
D e ta ile d  b a c t e r i o lo g i c a l  exam ination , except fo r  the e x c lu s io n  
o f  s tr e p to c o c c u s  h a e m o ly t ic u s ,  was not made in  th e se  c a se s ;  
the i n f e c t i o n  may be due to organisms which are normally he ld  
in  check, but which become p a th og en ic  to the p a t ie n t  a f t e r  
d e l iv e r y  because her r e s i s t a n c e  i s  lowered as a r e s u l t  o f  the  
p rev iou s  anaemia. I t  i s  o f  i n t e r e s t  to note  th a t  the on ly  
case o f  the group th a t  had a normal ante-partum haem atocrit  
value was th e  p a t ie n t  who was in f e c t e d  by haem olytic  s t r e p t o c o c c i  
presumably an exogenous i n f e c t i o n .  Although the in f e c t i o n  in  
most c a s e s  was m ild , i t  was u s u a l ly  pro longed , and i t  can be 
seen from the  graph th a t  the curve shows very l i t t l e  r i s e  
compared w ith  th a t  in  the o th er  groups o f  c a s e s .  T ransfusion  
was r e s o r t e d  to  i n  s e v e r a l  o f  the p a t i e n t s ,  but, d e s p i te  t h i s ,  
recovery  was slow . Further in v e s t i g a t io n  i s  n ecessary  tc  
a s c e r t a in  whether a b lood  t r a n s fu s io n  g iv en  ante-partum to  
th e se  anaemic p a t i e n t s  would reduce the l i a b i l i t y  to p o s t ­
partum i n f e c t i o n .
Changes i n  Normal and Toxaemic Oases.
In  view o f  the e f f e c t  o f  d e l iv e r y  by fo r c e p s ,
CHART XV. .
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haemorrhage and i n f e c t i o n  on the  post-partum  blood d i lu t io n ,  
a l l  p a t i e n t s  w ith  th e se  c o m p lic a t io n s  have been excluded  
from the subsequent d i s c u s s io n .  Only p a t i e n t s  d e l iv e r e d  
sp on tan eou sly , w ith ou t haemorrhage, or any puerperal i n f e c t i o n  
are co n s id er ed . In  Chart XV. the mean haem atocrit  v a lu e s  
for  a l l  th e s e  un com p licated  c a se s  have been subdivided in to  
normal, p r e -e c la m p t ic ,  and ch ron ic  toxaemic groups to show 
the changes o c cu rr in g  from 7 days ante-partum t i l l  10 days 
post-partum . The normal curve has a lread y  been d escrib ed .
The mean graph fo r  the p r e -e c la m p tic  c a se s ,  Jl  in  number, 
shows v a lu e s  7 days ante-partum  c o n s id era b ly  h igher  than the  
normal c a s e s ,  but the post-partum  f a l l  i s  rather g r e a te r ,  so 
th at the  curve f a l l s  w e l l  below the normal and remains low.
The mean curve fo r  the ch ron ic  toxaemic c a s e s ,  18 in  number, 
shows a r a th er  l e s s e r  r i s e  and f a l l  than the normal. This 
chart has been in c lu d e d  o n ly  foJT comparison w ith  the r e s u l t s  
o f  o th er  workers. The p resen t  f in d in g s  for  the toxaemic  
c a ses  a r e  e s s e n t i a l l y  s im i la r  to  those  r e s u l t s  -  p r e -e c la m p tic  
p a t i e n t s  h av in g  a c o n cen tra ted  blood for  sev era l days b efore  
d e l iv e r y  w ith  a fu r th e r  in c r e a s e  in  co n c en tr a t io n  on the day 
before  d e l iv e r y  and a d e f i n i t e  post-partum d i lu t io n ;  chron ic  
toxaemic c a s e s  showing l e s s  marked changes. The e x te n t  o f  
the changes in  c o n c e n tr a t io n  i n  the normal c a se s  i s  o b v io u s ly  
of grea t  s i g n i f i c a n c e  in  t h i s  connexion but i t s  importance  
does n ot appear to have been s u f f i c i e n t l y  ap p rec ia ted .
When the in d iv id u a l  c a se s  are an a lysed , the
3IV?011IW3«H
QUART XVII .
Lie an H a e m a to c r i t  Changes i n  M ild  P r e - e c l a m p t i c  s
c h a r a c t e r i s t i c s  o f  the p r e -e c la m p tic  curve are found to  
depend on two f a c t o r s ;  the s e v e r i t y  o f  the toxaemia, and the  
presen ce  or absence o f  oedema. These p re -ec la m p tic  c a se s  
have been su b -d iv id e d  from a c l i n i c a l  p o in t  o f  view in to  20 
severe  and 11 m ild  c a s e s .  In the m ild  c a se s  the p a t i e n t s  had 
on ly  s l i g h t  h y p e r te n s io n ,  a lbum inuria or oedema and correspond  
to the low r e se r v e  k idney c a s e s  o f  American w r ite r s ;  the  sev ere  
c la s s  in c lu d e s  a l l  the  p a t i e n t s  with more se r io u s  symptoms.
The r e s u l t s  from the severe  and m ild  p re -ec la m p tic  c a se s  are  
p lo t t e d  in  Charts XVI. and XVII. r e s p e c t iv e ly .
In  each graph, the  p a t i e n t s  with c l i n i c a l l y  
r e c o g n iz a b le  oedema have been separated  from the o thers;  
account has not been taken  o f  o c c u l t  oedema. Oedema ivas 
p resen t  in  12 p a t i e n t s  in  the sev ere  group and in  6 p a t i e n t s  
in  the m ild  group. I t  w i l l  be n o t ic e d  from each graph that  
the mean ante-partum  v a lu e s  o f  the oedematous ca ses  are  lower  
than th o s e  o f  the non-oedematous c a ses ;  the l e s s  marked 
d i f f e r e n c e  aneng the  m ild  c a se s  i s  probably because th e se  
p a t i e n t s  had o n ly  s l i g h t  oedema, A r i s e  during labour occurs  
in  a l l  c a s e s .  The post-partum  d i lu t io n  i s  g rea ter  in  the  
oedematous p a t i e n t s ,  e s p e c i a l l y  in  the sev ere  p r e -e c la m p tic ,  
and th e s e  l a t t e r  do not retu rn  to normal haem atocr it  l e v e l s  
by the end o f  the puerperium. I t  would appear th a t i n  th ose  
p a t ie n t s  w ith  oedema th ere  i s  a r e l a t iv e  hydraemia or an 
a s s o c ia t e d  anaemia. This becomes more apparent a f t e r  d e l iv e r y ;  
the  very  g r e a t  post-partum  f a l l  i s  probably due to d i l u t i o n  
o f  the b lood  by oedema f l u i d .
To ex c lu d e  the  in f lu e n c e  o f  t h i s  fa c to r ,  
c o n s id e r a t io n  may be l im i t e d  to  th o se  p a t i e n t s  without  
oedema. The mean va lu e  fo r  the  m ild  c a ses  i s  alm ost the  
same a s  th a t  fo r  the normal. Those p a t ie n t s  w ith severe  
p r e -e c la m p tic  symptoms have very h igh  v a lu es  7 days a n te ­
partum, but the  r i s e  in  va lu e  b efore  d e l iv e r y  i s  l e s s  than  
in  normal c a s e s  and b eg ins o n ly  48 hours ante-partum. The 
post-partum  f a l l  i n  the  se v er e  c a se s  i s  a lm ost the same as  
th a t  in  normal c a s e s  a lthough a l l  va lu es  are a t  a h igh er  
l e v e l .  This a n a ly s i s  shows, th e r e fo r e ,  th a t ,  apart from the  
e f f e c t  produced by oedema, the p re -ec la m p tic  f in d in g s  d i f f e r  
from th ose  o f  the normal c a s e s  on ly  i n  showing h igh er  
h aem atocr it  v a lu e s  during the week or more before  d e l iv e r y .  
The in c r e a se d  post-partum  d i l u t i o n  o f  the blood in  the  e n t ir e  
group o f  p r e -e c la m p tic  c a s e s ,  which was shown in  Chart XV. , 
i s  th e r e fo r e  r e a l l y  due to  the in c lu s io n  o f  oedematous c a se s .  
The wide ante-partum  range o f  v a lu es  i n  the p re -ec la m p tic  
c a s e s ,  shown i n  page 5 1 , i s  caused by the subnormal va lu es  
o f  the oedematous m ild  c a se s  and the high va lu es  o f  the  non- 
oedematous s e v e r e  c a s e s .
Vi/hen an a n a ly s i s  o f  the chronic toxaemic c a se s  i s  
made, the same in f lu e n c e  o f  oedema i s  found, but th ere  i s  
another fa c t o r  o f  im portance. From a study o f  the a n te ­
partum h aem atocr it  v a lu e s ,  the chronic toxaemia ca ses  are  
found to  f a l l  in to  two w e l l  d e f in e d  groups -  5 anaemic
p a t i e n t s  w ith  h aem atocr it  v a lu e s  between 20 and JO, and 11
- 
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non-anaemic p a t i e n t s  w ith  haem atocrit v a lu e s  between 3L 
and 44. The terms "anaemic" and "non-anaemic" are used fo r  
convenience; the term ‘'anaem ic1 in  the p resen t con tex t  i s  
not in ten d ed  to  s i g n i f y  a r ed u c tio n  in  the t o t a l  haemoglobin  
in  the  body but m erely  a red u ction  i n  the amount per c . c .  o f  
blood. I t  i s  h ig h ly  probable  that the low haem atocrit  
v a lu es  i n  t h i s  ‘'anaemic" group were a c t u a l ly  the r e s u l t  o f  
hydraemia. A l l  the anaemic p a t i e n t s  had marked oedema but 
on ly  3 o f  th e  non-anaemic p a t i e n t s  had oedema.
The r e s u l t s  from th e se  two groups are shown in  
Chart XVIII. The curve from the non-anaemic ca ses  c l o s e l y  
resem bles th a t  o f  the non-oedematous severe  p r e -ec la m p tic  
c a se s ,  showing h igh  ante-partum  v a lu e s ,  with s l i g h t  p re ­
d e l iv e r y  r i s e  and a normal post-partum  f a l l .  The f in d in g s  
in  the anaemic c a se s  are d i f f e r e n t  from a l l  the o th e rs .  
C on centra tion  and d i l u t i o n  occur as in  other  groups but are  
o f  equal e x te n t  and th ere  i s  no post-partum r i s e  towards 
normal v a lu e s ;  ap art from the r i s e  and f a l l  i n  v a lu es  during  
the 2 days b e fo re  and a f t e r  d e l iv e r y ,  the haem atocrit appears  
to  remain unchanged in  th e se  c a se s .
D isc u ss io n .
The p r e sen t  r e s u l t s  are  i n  accordance w ith th e  
f in d in g s  o f  e a r ly  workers who showed that during labour in  
normal c a s e s ,  th ere  was a r i s e  in  blood-haem oglobin and red  
b lo o d -c o r p u sc le s  fo l lo w e d  by a f a l l  in  v a lu es  i n  the
puerperium. In p r e -e c la m p tic  toxaem ias, Skajaa (1 9 2 9 ) ,
Schwartz and Dieckmann (1 9 2 9 ) ,  and Dieckmann (19,33) noted  
the h igh  ante-partum  haem atocr it  v a lu e s ,  the r i s e  during  
labour and the post-partum  f a l l .  The p resen t s e r i e s  o f  
r e s u l t s  c o rr o b o r a te s  th e se  f in d in g s  but shows th a t  the  seme 
changes, b e fo r e ,  during and a f t e r  labour, occur in  a l l  p a t i e n t s  
toxaemic or o th e r w ise .  When the e f f e c t  o f  var iou s in t e r f e r in g  
f a c to r s  such as  haemorrhage, s e p s i s  or oedema i s  excluded,  
the  post-partum  d i l u t i o n  o f  the blood i s  found to be 
approxim ately  equal in  a l l  c a s e s .  Dieckmann1s c o n c lu s io n  
that ch ro n ic  toxaemic c a s e s  do not show the p r e -p a r tu r i t io n a l  
and p o s t - p a r t u r i t i o n a l  changes i s  not in  accordance w ith  the  
p resen t  f in d in g s .  The p resen t  r e s u l t s  show, in  c o n tra s t  to  
the f in d in g s  o f  c e r t a in  o th er  workers, th a t  the presence  o f  
oedema does in c r e a s e  th e  post-partum  d i lu t io n .
I f  the t o t a l  plasma volume i s  c a lc u la t e d  from the  
haem atocr it  r e s u l t s  i t  i s  found th a t  the changes d escr ib ed  
in v o lv e  th e  t r a n s fe r e n c e  o f  co n s id era b le  volumes o f  f l u i d  
from the t i s s u e s  to  the blood stream and v ic e  versa . During 
the l a s t  7 days ante-partum , the mean haem atocrit value fo r  
normal c a s e s  r i s e s  from 33*5 33*2 ; i f  the t o t a l  blood
volume i n  an in d iv id u a l  ca se  were 5 l i t r e s ,  o f  which 3i+ l i t r e s  
were plasm a, t h i s  r i s e  would be eq u iva len t  to  the removal o f  
590 c . c .  o f  f l u i d  from the plasma. The post-partum  f a l l  in  
the h aem atocr it  va lu e  in  th e se  c a se s  would denote an in c r e a se  
of plasma f l u i d  o f  74-5 c . c .  In the non—oedematous toxaem ic
cases  th e  post-partum  in c r e a s e  in  plasma volume i s  
approxim ately  the  same; a mean o f  782 c . c .  in  severe  p re ­
eclam ptic  c a s e s  and o f  747 c *c, in  chronic  toxaemic c a s e s .
In the chron ic  anaemic c a se s  although th e  haem atocrit changes 
appear s l i g h t ,  th e y  s i g n i f y  the tr a n s fe r e n c e  o f  alm ost th e  
same q u a n t i t i e s  o f  f l u i d  as  i n  normal c a s e s ,  plasma d ecrea s in g  
by 533 c . c .  ante-partum , and in c r e a s in g  by 678 c . c .  p o s t ­
partum. In the  oedematous p r e -e c la m p tic  c a se s ,  however, the  
changes are  c o n s id e r a b le ;  the  mean plasma volume i s  in c re a se d  
by 1487 c . c .  i n  th e  f i r s t  2 days post-partum .
The probable  cause o f  the changes in  blood  
c o n c e n tr a t io n  in  normal c a se s  i s  u n cer ta in . The e f f e c t  o f  
muscular work, in c r e a se d  abdominal p ressu re  and l o s s  o f  
water by p e r s p ir a t io n  during labour (a s  su ggested  by Denecke 
(1 9 2 4 ) ,  Payer (1904) and o th e r s )  may undoubtedly cause an 
in c r e a se  i n  blood c o n c e n tr a t io n  during labour but they  do 
not s a t i s f a c t o r i l y  e x p la in  the t o t a l  in c r e a se  i n  c o n c en tr a t io n  
before  d e l iv e r y ;  (a )  more than h a l f  o f  the r i s e  in  haem atocr it  
v a lu es  o ccu rs  b efore  the on set  o f  labour, and ( b) in  s e v e r a l  
ca ses  th e  h aem atocr it  v a lu e s  beg in  to  f a l l  during the l a s t  
few hours o f  labou r  when th e se  fa c to r s  are most marked.
The post-partum  d i l u t i o n  o f  the blood i s  much g r e a te r  than  
the in c r e a s e  i n  c o n c e n tr a t io n  which occurs during labou r,  
but i t  i s  a lm ost equal to  the t o t a l  in c r e a se  in  c o n c e n tr a t io n  
during the l a s t  7 days ante-parturn.
When the e f f e c t  o f  a l l  in t e r f e r in g  fa c t o r s  i s
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excluded i t  i s  c l e a r  th a t  the  r e s u l t s  from the p r e -e c la m p tic  
and ch ron ic  non-anaemic toxaem ic c a se s  are very s im ila r ;  they  
d i f f e r  from the normal o n ly  in  having h igher  haem atocrit  
values a t  7 days ante-partum  and a sm aller  r i s e  in  v a lu es  
before d e l iv e r y .  This v a r ia t io n  from the normal appears to  
be the  d ir e c t  r e s u l t  o f  the toxaem ia s in ce  the blood in  th e se  
p a t ie n t s  becomes more c o n cen tra ted  than normal with the on se t  
o f  the toxaem ia. The post-partum  d i lu t io n  o f  the blood in  
both ty p e s  o f  ca se  i s  equal to  the post-partum d i l u t i o n  in  
normal c a s e s ,  and i s  presumably equal to  the t o t a l  in c r e a se  
in  c o n c e n tr a t io n  which occurred  ante-partum . I t  seems l i k e l y  
that the same ante-partum  c o n c e n tr a t io n  occurs in  th e se  
c a ses  a s  i n  normal on es , but th a t  i t  occurs e a r l i e r .  So fa r  
as th e s e  f in d in g s  are concerned, there  does not appear to  be 
any d i f f e r e n c e  between th e  toxaem ia o f  the p re -ec la m p tic  and 
that o f  the chron ic  non-anaemic toxaemic p a t ie n t s .
The chron ic  anaemic toxaem ic p a t i e n t s ,  however, 
appear to  be q u ite  u n r e la te d  to the other toxaem ic p a t i e n t s  
both c l i n i c a l l y  and in  t h e i r  haem atocrit f in d in g s .  They are  
d e b i l i t a t e d ,  p a le  and very  oedematous, and do not show any 
improvement a f t e r  d e l iv e r y  apart from the disappearance o f  
oedema. Without d ir e c t  e s t im a t io n s  o f  blood volume i t  i s  
im p oss ib le  to  d e c id e  whether the low haem atocrit v a lu es  in  
th ese  -p a tien ts  are  due to  hydraemia or true anaemia. The 
same la c k  o f  improvement in  severe  anaemia i s  seen  in  m u lt i -  
:parous p a t i e n t s  w ith  a c c id e n ta l  haemorrhage though none o f
p resen t s e r i e s  had a c c id e n ta l  haemorrhage.
Summary.
D e f in i t e  in c r e a s e  i n  blood c o n c en tr a t io n , a s  
in d ic a te d  by changes in  the haem atocrit  v a lu e s ,  occurs in  
normal p a t i e n t s  during the l a s t  7 days, and p a r t i c u la r ly  
during the  l a s t  2 days, ante-partum ; t h i s  i s  fo llow ed  by a 
rapid  b lood  d i l u t i o n  during the f i r s t  3 days post-partum .
A fter  t h i s ,  the  b lood  g r a d u a lly  returns to normal. The 
changes in v o lv e  the t r a n s f e r  o f  20 to  25 per cent o f  the  
f l u i d  o f  the plasma from the b lood  in to  the t i s s u e s  and 
back a g a in .
S im ilar  changes occur i n  p a t ie n t s  s u f fe r in g  from 
p r e -e c la m p tic  toxaem ia, but th e s e  p a t ie n t s  have in  a d d it io n  
a d e f i n i t e  in c r e a s e  in  blood c o n c en tr a t io n  for one or more 
weeks b efo re  d e l iv e r y .  P a t ie n t s  with symptoms o f  chronic  
toxaem ia f a l l  in to  two groups, a s e r i e s  with anaemia (c r  
hydraeraia) which show the normal haem atocrit  changes about 
the time o f  d e l iv e r y  but do not show any r i s e  in  v a lu e s  
during the puerperium, and a s e r i e s  without anaemia which 
c l o s e l y  resem bles the  p r e -e c la m p tic  c a se s  in  t h e ir  haem atocrit  
changes.
The post-partum  d i l u t i o n  o f  the blood i s  in c re a se d  
in  p a t i e n t s  in  whom th ere  i s  oedema before d e l iv e r y ,  haemorrhage 
at d e l iv e r y  or i n f e c t i o n  in  the puerperium.
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S E C T I O N  V.
VOMITING IN PREGNANCY.
In many d i f f e r e n t  c o n d it io n s  in  pregnancy sev ere  
vom iting i s  the main fe a tu r e ;  in  some the vom iting appears 
to be th e  primary f a c t o r  in  ca u sin g  the a b n o rm alit ies  
c h a r a c t e r i s t i c  o f  th e  d i s e a s e ,  w h ile  in  o th e r s ,  the vom iting  
i s  secondary  to  some o th e r  fa c t o r .  At any time during  
pregnancy se v e r e  vom iting  may be caused by an i l l n e s s  
u n re la ted  to  the  pregnancy, e .g .  a p p e n d ic i t i s ,  brain tumour 
e t c . , but th e  p resen t  s e c t io n  d e a ls  o n ly  with ca ses  in  which 
the vom itin g  was r e la t e d  to the  pregnancy. The cases  are  
d e a lt  w ith  under the  fo l lo w in g  headings:
A) Vomiting o f  e a r ly  pregnancy, or Hyperemesis Gravidarum.
B) Vom iting o f  l a t e  pregnancy.
Hyperemesis Gravidarum.
This term, hvperem esis gravidarum, i s  ap p lied  to the  
c o n d it io n  in  which p a t i e n t s  in  the e a r ly  months o f  pregnancy  
s u f f e r  from p e r s i s t e n t  and e x c e s s iv e  vom iting. The vom iting  
i s ,  in  some way, caused by the  pregnancy i t s e l f  but th e  
a c tu a l  e t i o l o g y  i s ,  a t  p r e se n t ,  obscure.
B iochem ical i n v e s t i g a t io n s  o f  the blood in  c a se s  
o f hyp erem esis  have r ev ea led  c e r ta in  a b n o rm a lit ie s  to be
c o n s ta n t ly  p r e se n t  in  se v er e  c a se s .  Anhydraemia, r e s u l t in g  
from the l o s s  o f  water and s a l t s ,  has been shown by 
Dieckmann and Crossen (192?) to be an important fe a tu r e  o f  
the d i s e a s e  and th e se  workers have emphasized the  g rea t  
value o f  in tra v en o u s  s a l i n e  and g lu co se  tr a n s fu s io n s  in  
treatm ent. R aised b lood  n o n -p ro te in  n itr o g en , urea and 
u r ic  a c id  v a lu e s  are  found by many workers (W illiam s, 1921; 
K i l l i a n  and Sherwin, 1921; Stander, 1924; Dieckmann and 
Crossen, 1927; Peckham, 1929; Glassman, 1933; Herald, 1939).  
Jaundice i s  u s u a l ly  mentioned as  a p o s s ib l e  symptom in  
extrem ely  sev ere  c a s e s  and in c r e a se d  plasma b i l i r u b in  has 
been f r e q u e n t ly  rep o rted  (Heynemann, 1928; Herold, 1939; 
F ik en tsc h e r ,  1 939 ) .  Blood c h lo r id e s  are  u s u a l ly  decreased  
(Dieckmann and Crossen, 1927; Peckham. 1929) and there  may 
be an accum ulation  o f  amino and l a c t i c  a c id s  and acetone  
bod ies i n  the b lood . Most r ec en t  in v e s t ig a t o r s  are agreed  
th a t  a l l  th e se  changes are due to the dehydration and 
undernourishment produced by the vom iting.
B iochem ical s t u d ie s  have been made on se v e r a l  
hyperem esis p a t i e n t s  in  the  p resen t i n v e s t i g a t io n  with  
regard to  anhydraemia, n o n -p r o te in  n itro g en  r e t e n t io n  and 
h y p er b il iru b in a e m ia  and the f in d in g s  are in  agreement w ith  
those  o f  p r e v io u s  workers. The c a se s  have been subd iv ided  
c l i n i c a l l y  accord in g  to  the  s e v e r i t y  o f  t h e i r  c o n d it io n  a s ,  
very s e v e r e ,  s e v er e  and m oderately  severe . No m ild c a s e s
are in c lu d e d  i n  t h i s  study. The r e s u l t s  from 12 c a se s
(156 to  167) a r e  shown i n  T ab le  V I I I ,
Table V III ,
Mean R e s u lt s  from 12 Hyperemesis C ases.
Haem atocrit $ Uric Acid
mg. per 100 c . c .
Urea 
per :
mg.
.00 c . c .
B i l i r u b in
u n i t s .
Mean. Range. Mean Range. Mean Range. Mean. Range.
Very Severe. 4 8 . 5# 45# to  52# 1 3 .6 1 0 .9  to  1 6 .4 164 136 to  191. 3 1 to  6
Severe. . . i l l  . . .-III  to  5 0 £ 6 .4 4 .0  to  8 .9 12 to  76 2 1 to  4
Hoderately Severe . 40% 3.8# to  44# 3 .x 2 .3  to  4. 3 22 16  to  27 1
Blood c o n c e n tr a t io n ,  a s  measured by th e  
h a em a to cr it ,  was a t  the  upper l i m i t  o f  normal i n  the  
m oderately  se v e r e  c a s e s  and g r e a t l y  in c r e a se d  in  th e  
very se v e r e  c a s e s .  H itrogen  r e t e n t io n  appeared to  vary  
d i r e c t ly  w ith  the blood c o n c e n tr a t io n  i n  in d iv id u a l  p a t i e n t s  
but th e r e  were v a r ia t io n s  between the  h aem atocr it  v a lu e s  
and th e  degree o f  n i tr o g e n  r e t e n t io n  from p a t i e n t  to  p a t i e n t .  
In one p a t i e n t ,  c a se  1 6 4 , the  haem atocr it  v a lu e  was 37$  
w h ile  th e  plasma u r ic  a c id  was 8 .9  mg. per 100 c . c .  and 
the b lood  urea 40 mg. per  100 c . c . ;  i n  another p a t i e n t ,  
case  1 5 9 , the  h aem atocr it  was 44$> u r ic  a c id  4 .0  mg. per  
100 c . c .  and urea 12 mg. per  100 c . c .  These f in d in g s  are  
presumably p a r t ly  due to  the d i f f e r e n c e s  in  the c a p a c ity  
o f  the k id neys to  d ea l w ith  the  abnormal s i t u a t i o n  in  each
jjo 10 So9/,
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case; anaemia may account fo r  the low haem atocrit v a lu e s  
obtained from some p a t i e n t s  with a n itro g en  r e te n t io n  and 
in  such c a s e s  the  plasma p r o t e in  va lu e  would be a b e t t e r  
guide to  the  degree o f  blood c o n c en tr a t io n  than the  haem atocr it  
value. In c a s e s  w ith  n itr o g en  r e te n t io n  the u r ic  a c id  and 
urea were u s u a l ly  r e ta in e d  roughly  to  the same degree and 
the p r o p o r t io n  between t h e i r  v a lu e s  in  mg. per 100 c . c .  was 
approxim ately  1 to  1 0 .
One very  s e v e r e  (15&) and 2 severe  (157 and 158 ) 
c a se s  o f  hyperem esis  were fo l lo w e d  during the  f i r s t  few 
days o f  treatm ent and serv e  to  show the rapid improvement, 
in  a l l  th e  b ioch em ica l f in d in g s ,  which u s u a l ly  accompanies 
blood d i l u t i o n .  Two o f  the c a s e s ,  156  and 158 , were g iv en  
continuous in trav en ou s  g lu c o se  s a l in e  during t h e ir  f i r s t  48 
hours i n  h o s p i t a l ;  the t h ir d  c a s e ,  157 , had no in travenous  
f l u i d .  A com posite  graph o f  the changes in  the h aem atocr it,  
plasma u r ic  a c id  and blood urea va lu es  in  th ese  3 c a se s  i s  
g iven  i n  Chart XIX. ; the d a i ly  urinary output in  ounces i s  
a lso  ch a r ted . I t  w i l l  be n o t ic e d  th a t  the haem atocr it, u r ic  
a c id  and urea  cu rves  are  p r a c t i c a l l y  p a r a l l e l  and th at th e re  
i s  an in v e r s e  p r o p o r t io n  between the va lu es  o f  the blood  
n o n -p r o te in  n i tr o g e n  f r a c t io n s  and the volume o f  ur ine  
ex cre ted  i n d ic a t in g  th a t  the n itr o g en  r e t e n t io n  was the  
d ir e c t  r e s u l t  o f  the anhydraemia.. In  4 of  the 12 c a s e s  
(c a s e s  1 5 7 , 158 , 159 and 1 6 5 ) in  the presen t s e r i e s  th e  
plasma gave a p o s i t i v e  delayed  d ir e c t  reac tion  to  the
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van den Bergh t e s t  end the  plasma b i l i r u b in  ranged from 
2*5 to  6 u n i t s  per 100 c . c .  plasma. The h yp erb il iru b in aem ia  
was a p p a re n tly  u n r e la te d  to  the  anhydraemia and azotaem ia  
although i t  was p r e se n t  i n  most o f  the c a se s  in  which the  
vom iting had l a s t e d  fo r  many weeks. Several p rev io u s  workers 
(H erold , 1939; F ik e n tsc h e r ,  1939) have concluded th a t  th e  
serum b i l i r u b i n  may be taken as  an index o f  the s e v e r i t y  o f  
the m eta b o lic  u p set i n  each ca se ;  the  presen t f in d in g s ,  
however, do n ot support t h i s  view  -  c a se s  with h y p e r b i l ir u b in -  
raemia were always o f  the s e v e r e  type but se v er a l  o f  th e  
most s e v e r e  c a s e s  had normal plasma b i l i r u b in  v a lu es .
There i s  a fa c to r  in  th e se  hyperem esis c a ses  which 
tends to  cause  d iscr ep en cy  between the s e v e r i t y  o f  the  
c l i n i c a l  c o n d it io n  and the  b iochem ical f in d in g s .  This i s ,  
th e  development o f  W ernicke's encephalopathy. Campbell and 
B iggart (1939) f i r s t  drew a t t e n t io n  to  t h i s  syndrome in  c a se s  
dying a f t e r  a p e r io d  o f  se v er e  vom iting e .g .  in  ca ses  o f  
g a s t r ic  carcinoma, and th ey  found changes in  the c a p i l l a r y  
endothelium  to g e th e r  w ith  sm all haemorrhages, a t  c e r ta in  
s i t e s  i n  th e  brain . Sheehan (1939b) found s im ila r  l e s i o n s  
in  the b r a in s  o f  hyperem esis  p a t i e n t s  who developed the  
term inal c e r e b r a l  syndrome. The fe a tu r e s  o f  t h i s  syndrome 
are apathy, drow sin ess  and p a r a ly s i s  o f  var iou s p a r ts  e .g .  
s o f t  p a l a t e ,  eye m uscles  e tc ;  sq u in t ,  d ip lo p ia ,  and p a r t i a l  
or com plete  b l in d n e ss  f r e q u e n t ly  occur and before  death  
there  may be a phase o f  grea t loquacy or mental co n fu s io n
ending i n  coma. The p a t ie n t  u s u a l ly  l i v e s  o n ly  a few days 
a f t e r  t h i s  syndrome i s  f u l l y  developed but e a r ly  s ig n s  may 
be found in  many c a se s  o f  severe  hyperem esis. These e a r ly  
s ig n s  are  nystagm us, apathy, ten d ern ess  o f  l e g  m uscles end 
a rap id  p u l s e .  B efore  th e  p a th o lo g ic a l  l e s io n s  i n  the brain  
r e sp o n s ib le  fo r  t h i s  c e r e b r a l  syndrome were reco gn ised  and 
f u l l y  d e sc r ib e d ,  a l l  th e s e  m ental and nervous symptoms and 
s ig n s  used  to  be c o n s id er ed  to  be the r e s u l t  o f  some sev ere  
i n t o x i c a t i o n .  Dieckmann and Crossen ( 1927 ) ,  F itz g e r a ld  and 
Webater ( 1 9 3 8 ) ,  Herold (1939)? o th e r s ,  d escr ib e  c a se s  
with t y p i c a l  s ig n s  and symptoms o f  W ernicke's encephalopathy  
but th e y  d id  not r e c o g n ise  the p a th o lo g ic a l  b a s is  o f  the  
c o n d it io n .  I t  i s  now su g g es ted  th a t  the cereb ra l l e s io n s  
are the  r e s u l t  o f  a v itam in  d e f i c i e n c y  -  p a r t i c u la r ly  a 
d e f i c i e n c y  o f  the v itam in  B complex. A most important f a c t ,  
p o in te d  out by Sheehan (1939b) i s ,  th a t  t h i s  syndrome does 
not n e c e s s a r i l y  develop  i n  the c a se s  with J;he most severe  
vom iting  and i s  l i a b l e  to  occur in  p a t ie n t s  a f t e r  the  vom iting  
has been c o n t r o l l e d  by treatm en t. When i t  develops in  such 
c a se s  the s e v e r i t y  o f  the c l i n i c a l  c o n d it io n  becomes much 
grea ter  than the accompanying anhydraemia and azotaem ia would 
su g g es t .
In h yp erem esis , th e r e fo r e ,  th ere  are two q u ite  
d i s t i n c t  p r o c e s s e s  which may be p resen t in  any case  and e i th e r  
o f  them may be the  cause o f  death. These are
I) D ehydration and anhydraemia with r e s u l t in g  azotaem ia, in
some c a s e s  a s s o c ia t e d  w ith  h yp erb il iru b in aem ia  or a c id o s i s .
I I )  W ernicke's encephalopathy.
These f a c t o r s  are  o f  course c l o s e l y  r e la t e d ,  in  
that th e y  a re  both th e  r e s u l t  o f  the vom iting. In the g rea t  
m a jo r ity  o f  se v er e  c a s e s  both fa c t o r s  are p resen t  but t h e i r  
r e l a t i v e  im portance v a r ie s  from case  to  case . Death, in  
hyperem esis , i s  sometimes due to  o th er  fa c to r s  -  namely -  
shock, r e s u l t in g  from o p e r a t iv e  in te r fe r e n c e ,  or delayed  
chloroform  p o is o n in g  fo l lo w in g  o p era tio n . The p a t i e n t s  are  
g r e a t ly  p r e d isp o se d  to  th e se  c o n d it io n s  by the p rev io u s  
e f f e c t s  o f  the vom itin g .
The f in d in g s  in  four f a t a l  ca ses  i l l u s t r a t e  the  
r e l a t i v e  s i g n i f i c a n c e  o f  th e s e  fa c to r s .
Case 168. This p a t i e n t  had vomited for  12 weeks and 
then developed  a " p e c u l ia r  m ental s ta te " .  She r e fu sed  food  
and drink  and became very  l e t h a r g i c .  Urinary output was good 
and th e r e  was no vom itin g . Later b l in d n e ss  developed and 
hysterotom y was performed. The temperature rose  to  102° and 
th e  p u ls e  r a te  was 160. She remained unconscious a f t e r  the  
o p e r a t io n  and had tw itc h in g s  o f  her face  and arms. Death 
occurred  about 24 hours a f t e r  the op era tion . The blood urea  
at death was 57 mg. p er  100 c . c .  At the autopsy p e t e c h ia l  
haemorrhages were found in  the corpora mammillaria, mid brain  
and f l o o r  o f  the fo u rth  v e n t r i c l e .  There was no ev idence  
th a t  th e  death was due to  shock. In t h i s  case  there  was a 
moderate n i t r o g e n  r e t e n t io n  but W ernicke's encephalopathy  
was a p p a re n tly  the  more important fa c to r  in  causing  death.
Case 169 . This p a t i e n t  had vomited for  7 weeks and had 
ev idence  o f  se v er e  a c i d o s i s .  She improved g r e a t ly  and was 
able  to  tak e  l i g h t  d i e t  but th e  p u lse  ra te  began to r i s e .  
S l ig h t  vom iting  con tin u ed  and the  urinary output was good.
Her v o ic e  became very  husky. Temperature 101^. P u lse  145* 
She became d eep ly  comatose a f t e r  o n ly  l / 3 §>r « omnopon had 
been g iv en . Hysterotomy was performed and p r a c t i c a l l y  no 
a n a e s t h e t ic  was n e c e s s a r y  because the coma was so deep.
She d ied  4 hours a f t e r  the o p era tion . Blood urea at death  
was 69 mg. oer  100 c . c .  Plasma b i l i r u b in  2. p u n i t s .  At the
autopsy th e r e  were few s ig n s  o f  W ernicke's encephalopathy'  
on ly  a few p e t e c h ia l  haemorrhages were found in  the  f l o o r ’ 
o f  the  fo u r th  v e n t r i c l e  and a l l  o ther  p a r ts  o f  the brain  
appeared to  be norma. . There were se v e r a l  m oderately la r g e  
subendocard ia l haemorrhages on the l e f t  s id e  o f  the  
in t e r v e n t r ic u la r  septum; th e se  have been shown to be a 
frequent post-mortem f in d in g  in  ca ses  o f  shock (Sheehan, 1959a ) ,  
and i t  may be assumed i n  t h i s  c a se ,  where death occurred a 
few hours a f t e r  o p e r a t io n ,  th a t  the u lt im a te  cause o f  death  
was shock.
Case 170. This c a se  occurred  before the p a th o lo g ic a l  
b a s is  fo r  W ernicke's encephalopathy was recogn ised  but the  
h i s t o r y  during the l a s t  few days o f  l i f e  i s  very t y p ic a l .
The p a t i e n t  had been vom iting  fo r  5 weeks and then became very  
drowsy and th e  p u lse  r a te  ro se . Intravenous g lu c o se  s a l in e  
was g iv e n  and the vom iting  become l e s s ;  the drowsiness  
in c r e a se d  and p a r a ly s i s  o f  the s o f t  p a la te  was noted.
Hysterotomy was performed. The p a t ie n t  recovered  co n sc io u sn ess  
but l a t e r  became comatose and d ied  14 hours a f t e r  the  
o p e r a t io n . At death plasma u r ic  a c id  was 2 .4  rag* per 100 c . c .  
and urea was 42 mg. There was, th e r e fo r e ,  on ly  s l i g h t  
azotaem ia in  t h i s  c a se  end i t  may be presumed th a t  W ernicke's  
encephalopathy was the more important fa c to r  in  causing death.
Case 1 7 1 . This c a se  a l s o  occurred before  the  
p a th o lo g ic a l  b a s i s  fo r  W ernicke's encephalopathy was reco g n ised .  
In t h i s  c a se ,  however, th ere  were no s ig n s  o f  cereb ra l  
d is tu rb a n ce  u n t i l  the day b e fore  death when the p a t ie n t  
became extrem ely  n o is y  and r e s t l e s s .  The temperature rose  
g r a d u a l ly  to  reach 107° a t  death and the p u lse  ra te  was 170 
to  180. Exam ination o f  th e  b lood a t  death revea led  g ro ss  
non—p r o t e in  n i tr o g e n  r e te n t io n ;  th e  plasma u r ic  a c id  was 
20.9^mg. per  100 c . c .  and the blood urea was 220 gms. I t  may 
be presumed th a t  azotaem ia and anhydraemia were more 
im portant f a c t o r s  in  cau sin g  death in  t h i s  case  than W ernicke's  
encephalopathy.
The b ioch em ica l f in d in g s  in  severe  hyperem esis  
c a se s  may be summarised as fo l lo w s .
I )  High h a em atocr it  v a lu e s .
I I )  High plasma u r ic  a c id  and urea.
I I I )  A p o s i t i v e  de layed  d ir e c t  r e a c t io n  to  the van den 
Bergiafand s l i g h t l y  in c r e a se d  plasma b i l i r u b in  in  some c a s e s .
These changes are  the  d ir e c t  r e s u l t  o f  the
dehydration  produced by the  vom iting . A cereb ra l syndrome, 
W ernicke's encephalopathy , d ev e lo p s  in  some c a s e s ,  probably  
the r e s u l t  o f  v ita m |n  d e f ic ie n c y ;  t h i s  cau ses  the s e v e r i t y  
o f  the c l i n i c a l  s ig n s  to  be in c r e a se d  out o f  p ro p o rtio n  to  
the b ioch em ica l f in d in g s  and i s  fr e q u e n t ly  the cause o f  death.
Vomiting o f  Late Pregnancy.
Severe vom iting  i n  the  second h a l f  o f  pregnancy  
may be due to  s e v e r a l  d i f f e r e n t  c o n d it io n s  -  in  some c a se s  
the cause  o f  the vom iting i s  e a s i l y  found but in  o th e rs  the  
vom iting  may be th e  o n ly  obv iou s s ig n  and such c a se s  are  
fr e q u e n t ly  l a b e l l e d  -  " p ern ic io u s  vom iting o f  pregnancy" or 
" to x ic  vomiting" or " la te  vom itin g  o f  pregnancy". Such 
l a b e l s ,  however, o n ly  tend to  obscure the a c tu a l  cause o f  
the vom itin g  which can fr e q u e n t ly  be determined by b iochem ical  
i n v e s t i g a t i o n  o f  the  blood . In  the p resen t study many such 
c a se s  were i n v e s t i g a t e d  and i t  has been p o s s ib le  to  d iv id e  
them both from a c l i n i c a l  and biochem ical standpoin t in to  
se v e r a l  d e f i n i t e  groups.
1. Prolonged  Hyperem esis.
Three o f  the p r e sen t  c a se s  belong to t h i s  group, 
c a ses  172, 175 and 174 . Each p a t ie n t  was adm itted to  
h o s p i t a l  a s  a c a se  o f  " la te  vom iting", but on c a r e fu l  
in t e r r o g a t io n  i t  was found th a t  the  vom iting, a lthough more 
severe  im m ediate ly  be fo re  adm ission , had been p resen t  throughout 
the  e a r ly  months. Cases 172 and 173 were both extrem ely  i l l
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on adm ission  and the blood i n v e s t i g a t io n  r ev e a le d  gro ss  
changes; i n  c a se  1 7 4 , the  vom iting  was not so severe  and 
the b ioch em ica l changes were l e s s .  The f in d in g s  in  th e  
three c a se s  are  g iv e n  in  the  appendix and a com posite graph 
o f  the  changes o ccu rr in g  during treatm ent in  c a ses  172 and 
173 i s  g iv en  o p p o s i te  -  Chart XX. The blood was very  
co n cen tra ted  (h aem atocr it  4 44$ r e s p e c t iv e ly )  and 
there was very  marked azotaem ia in  each case; the plasma 
u r ic  a c id  and urea v a lu e s  were in c re a se d  p r o p o r t io n a l ly  -  
the r a t i o  between t h e i r  v a lu e s  i n  mg. per 100 c . c .  being  
1 to 10 app rox im ate ly  -  a s  in  the  hyperem esis c a se sp r e v io u s l  
d escr ib ed . Cases 172 and 174 were s l i g h t l y  jaundiced; the  
plasma gave a p o s i t i v e  d e layed  d ir e c t  r e a c t io n  to  the  
van den Bergh t e s t  and the plasma b i l i r u b in  was 12 .2  and 
5. 6 u n i t s  r e s p e c t iv e ly :  in  ca se  173 van &en Bergh t e s t
was n e g a t iv e .  The u r in ary  output in  each case  was very  
sm all b e fore  treatm ent was g iv en  but, as can be seen from 
Chart XX., im m ediate ly  the  anhydraemia was r e l ie v e d  by 
in traven ou s g lu c o se  s a l i n e ,  the  urinary output in crea sed  
and th e  n i tr o g e n  r e t e n t io n  i n  the blood dim inished. The 
u r ic  a c id  and urea v a lu e s  decreased  more or l e s s  w ith  the  
haem atocr it  v a lu e s  and m aintained t h e ir  mutual prop ortion .  
These b lood  changes are a l l  s im i la r  to  those  found in  the  
very se v er e  hyperem esis  c a se s  and i t  seems l i k e l y  th a t  th e y  
are th e  d i r e c t  r e s u l t  o f  th e  un usually  prolonged vom iting .
In c a s e s  172  and 173  there  were e a r ly  s ig n s  o f  W ernicke's
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encephalopathy. Case 172 was very drowsy and had nystagmus, 
muscular te n d e r n e ss  and p a in  over the s c i a t i c  nerves. Case 
173 had nystagmus and ten d ern ess  over s e v e r a l  n erves. A ll  
th ese  s ig n s  c le a r e d  up r a p id ly  with the intravenous g lu c o se  
therapy and la r g e  doses o f  Vitamen in tram uscu lar ly .
In t h i s  group o f  c a se s  the c h a r a c t e r i s t i c  f in d in g s  
which d i f f e r e n t i a t e  them from the c a se s  o f  the other groups are
a) The h i s t o r y  o f  th e  prolonged vom iting.
b) n e g a t iv e  c l i n i c a l  f in d in g s  apart from the vom iting.
c) Blood changes -  a l l  secondary to  the vom iting as in  the  
e a r ly  hyperem esis  group.
d) Steady improvement as  the anhydraemia i s  r e l ie v e d .
I I .  P y e l i t i s  o f  Pregnancy.
P y e l i t i s  i s  a frequ en t cause o f  very severe  and 
prolonged  vom itin g . About the f i f t h  month o f  pregnancy i s  
the commonest time for  symptoms o f  p y e l i t i s  to  occur but they  
may b eg in  or become very se v er e  a t  any time in  the second  
h a l f  o f  pregnancy. In most c a se s  the d ia g n o s is  i s  e a s i l y  
made from the h i s t o r y  o f  lumbar pain , r ig o r s  e t c .  and. from the  
urinary  f in d in g s ,  but q u ite  fr e q u e n t ly  c a ses  p resen t  th em selves  
with vom itin g  as  the on ly  symptom and s ig n , and i t  i s  not 
u n t i l  s e v e r a l  days have e la p se d  that the vom iting i s  found 
to be due to  the u r in a r y  t r a c t  in f e c t io n .  In such a. c a se  
the vom itin g  i s  presumably due to complete blockage o f  the  
u r e te r  r e s u l t in g  in  a temporary pyonephrosis on the a f f e c t e d  
s id e;  i f  the u r in ary  t r a c t  on the other s id e  i s  u n in fe c te d
the u r in a r y  f in d in g s  are  normal.
In  the  grea t  m a jo r ity  o f  c a se s  o f  p y e l i t i s  o f  
pregnancy no abnorm ality  o f  th e  blood can be found. In  a 
few se v e r e  c a s e s ,  however, n itr o g e n  r e t e n t io n  d evelop s and 
th ere  i s  sometimes s l i g h t  ja u n d ice . S ix  c a se s  o f  se v er e  
p y e l i t i s ,  c a se s  175  to  1 8 0 , were in v e s t ig a t e d  in  the  p r e se n t  
study. The b ioch em ica l f in d in g s  during the course o f  the  
d is e a s e ,  i n  each c a s e ,  are  g iv e n  in  the appendix. The 
haem atocr it  v a lu e s  were low in  each case;  the  mean h aem atocr it  
value  from the 6 c a se s  was 29*5$  r i t h  a range o f  27- 5$  to  
J lfo. The v a lu e s  showed very l i t t l e  change throughout th e  
course o f  the  d i s e a s e .  The absence o f  blood c o n c en tr a t io n  i n  
th e se  c a s e s  i s  ra th er  s u r p r is in g  s in c e  th ere  had been sev ere  
and pro lon ged  vom iting  in  each c a se .  The low haem atocrit  
value appears to  be a con stan t f in d in g  in  ca ses  o f  p y e l i t i s  
o f  pregnancy and i t  may be o f  h e lp  in  the d i f f e r e n t i a l  
d ia g n o s is  o f  th e s e  c a s e s  o f  sev ere  vom iting without obvious  
cause . For example, c a se  178 was adm itted to  h o s p i t a l  as a 
case  o f  " la t e  vomiting" near term; blood p ressu re  was normal, 
th ere  was no p y u ria  but the  ur in ary  output was sm all. Vomiting  
was very  se v e r e  but th e  haem atocrit va lue  was o n ly  27*5$. The 
p a t ie n t  went in to  labou r soon a f t e r  adm ission and was d e l iv e r e d  
the same day; th e  maximum haem atocrit value during labour was 
32$. On th e  next day she p a ssed  urine h e a v i ly  lad en  with  
pus and her gen era l c o n d it io n  improved g r e a t ly ;  plasma u r ic
ac id  and urea decreased  r a p id ly  to  normal. The d ia g n o s is  o f
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p y e l i t i s  was su g g e s te d  in  t h i s  case  on adm ission  from the  
h is t o r y  o f  se v e r e  vom itin g , d im inished u r in ary  output, and 
because th e  haem atocr it  va lu e  was low in  s p i t e  o f  the  vom iting .  
The sudden e x c r e t io n  o f  la r g e  q u a n t i t i e s  o f  pus a f t e r  
d e l iv e r y  confirm ed th e  d ia g n o s is .  Anaemia r e s u l t in g  from the  
i n f e c t i o n  i s  a p o s s i b l e  cause  o f  the  small c e l l  volume.
The o r ig i n a l  u r ic  a c id  and urea va lu es  in  5 o f  the  
ca ses  were p r a c t i c a l l y  w ith in  normal l i m i t s  although the  
p a t i e n t s  were sh a rp ly  i l l  a t  the tim e. The u r ic  a c id  and 
urea v a lu e s  rose  very  l a t e  i n  th e  d i s e a s e  -  in  the two f a t a l  
c a se s ,  176  and 1 7 7 , th e  r i s e  began o n ly  a few days before  
death. In  c a se  179 th e  u r ic  a c id  and urea v a lu es  were always  
w ith in  normal l i m i t s  a lthough  t h i s  p a t ie n t  appeared to  be 
a c u t e ly  i l l  w ith  vom iting  and p yu ria . Case 180 was on ly  
adm itted  to  h o s p i t a l  l a t e  i n  th e  d is e a s e  and th e re fo re  the  
o r ig in a l  urea  v a lu e  ob ta in ed  was h igh .
Labour appeared to aggravate  the c o n d it io n  o f  th e se  
p a t i e n t s  g r e a t ly  -  presumably due to  fu rth er  o b s tru c t io n  o f  
the u r e t e r s  ca u sin g  in c r e a se d  spread o f  the in f e c t i o n  in to  
the k id ney  t i s s u e .  I t  w i l l  be n o t ic e d  th a t  in  ca ses  175 an(  ^
176 th e  n i tr o g e n  r e t e n t io n  mounted ra p id ly  before and a f t e r  
d e l iv e r y .  In c a s e s  175, 176 and 177 where a rapid in c r e a se  
in  th e  n i t r o g e n  r e t e n t io n  occurred , the blood, urea r i s e  was 
g r ea ter  than the  correspond ing  r i s e  in  plasma u r ic  a c id .
In  4 of  the 6 c a s e s ,  175, 177, 178 and 180, s tu d ied
in  d e t a i l  the  plasma gave a p o s i t i v e  immediate d ir e c t  r e a c t io n
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to th e  van den Bergh t e s t  and the plasma b i l i r u b in  was r a ised :  
the mean va lu e  fo r  th e  four c a se s  was 4 .5  u n i t s  with a range  
of 3 to  7 u n i t s .
. In  the  th ree  f a t a l  c a se s ,  176 , 177  and 180, p o s t ­
mortem exam ination  r e v e a le d  g r o ss  p y e lo n e p h r i t is .
In c a se  177 th ere  was g r ea t  d e s tr u c t io n  o f  the  kidney  
t i s s u e  on both s i d e s .  The r ig h t  kidney weighed l8 0  gms. and 
the l e f t  90  gms. The l e f t  k idney was small and misshapen and 
had g r o ss  h yd ron ep hrosis;  o n ly  one or two small areas o f  kidney  
t i s s u e  remained. The su r fa c e  o f  the r ig h t  kidney was ir r e g u la r  
and showed la r g e  d eep ly  co n g ested  areas; again  there  was g ross  
d i s t e n s io n  o f  the c a ly c e s  and the kidney t i s s u e  showed d i f f u s e  
and se v er e  p y e lo n e p h r i t i s  with sm all a b sc e sse s  in  the outer  
c o r tex .  In  s p i t e  o f  t h i s  g ross  renal damage which must have 
been p r e se n t  fo r  s e v e r a l  weeks before  death, there was no 
r e t e n t io n  o f  plasma u r ic  a c id  and urea in  the blood u n t i l  the  
day b e fo re  death.
In  c a s e s  176  and 180 th e re  was l e s s  d e s tr u c t io n  o f  the  
kidneys but p y e lo n e p h r i t i s  was d i f f u s e  and severe;  th ere  were 
numerous sm all c o r t i c a l  a b s c e s s e s  with purulent tra ck s  le a d in g  
through the  c o r te x  and m edulla to  the  p e l v i s .  In th e se  c a se s  
a n itr o g e n  r e t e n t io n  was p r e se n t  for se v e r a l  days before  death.
The c h a r a c t e r i s t i c  b iochem ical f in d in g s  in  the blood  
in  c a s e s  o f  p y e l i t i s  o f  pregnancy are:
a) A low  haem atocr it  v a lu e .
b) A r e t e n t io n  o f  n o n -p r o te in  n itr o g en  f r a c t io n s ,  the r i s e  in  
blood urea  being r e l a t i v e l y  g r e a te r  than the r i s e  in  plasma  
u r ic  a c id .  In  some c a s e s  w ith  gross renal damage, however, 
th ere  may be no r e t e n t io n  o f  th e se  f r a c t io n s  u n t i l  very  l a t e  
in  the d i s e a s e .
c) A p o s i t i v e  immediate d i r e c t  r e a c t io n  to the van den Bergh 
t e s t  and a s l i g h t  in c r e a s e  in  plasma b i l i r u b in  in  some c a se s .
I I I .  “E r y th r o b la s to s i s  F o e t a l i s 11.
In four o f  the c a s e s  ( l 8l ,  182, 183  and 1 8 4 ) o f
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severe  vom itin g  in  l a t e  pregnancy in  the  p resen t  s e r i e s  an 
abnorm ality  o f  the ovum was found to  be p r e sen t .
The vom itin g  in  th e se  c a se s  commenced about the  
28th to  th e  32nd week o f  pregnancy and was e x ce ed in g ly  severe .  
The p a t i e n t s  r a p id ly  became a c u te ly  i l l  and were d e l iv e r e d  
prem aturely  o f  p t i l l - b o r n  c h i ld r e n .  In  each case  the u te r in e  
c o n ten ts  were noted  to be la r g e  and oedematous: in  c a se  181 , 
the 7 month fo e tu s  was h y d ro cep h a lic ,  weighed 7 lb s .  and the  
p la c e n ta  weighed 5 l b s .  6 o z . ; in  c a se  182 , the fo e tu s  a t  71- 
months was very  oedematous and weighed 7 l b s . ,  the  p la c en ta  
was n o ted  to  be la r g e ;  in  c a se  1 8 3 ? the  6 month fo e tu s  had 
g e n e r a l is e d  oedema but weighed o n ly  4h lb s .  while  the p la c en ta  
weighed ltj* l b s . ; and in  c a se  1 8 4 ? the  fo e tu s  a t  7if months 
weighed 8-|- l b s .  In  3 o f  the c a s e s  the l iq u o r  amnii was noted  
to be a very  deep y e llo w  c o lo u r .  These c h i ld r e n  and p la c e n ta e  
were not examined fu r th e r  but th ey  presumably belong to  the  
e r y t h r o b la s t o s i s  group o f  a b n o rm a lit ie s .
During the a c u te  s ta g e  o f  the i l l n e s s  each o f  th e se  
p a t i e n t s  was very r e s t l e s s  and e x h ib ite d  s l i g h t  mental 
co n fu s io n . There was s l i g h t  i c t e r u s  in  three  o f  the c a s e s ,  
181 , 1 8 3 , and 184 , w h ile  ca se  182 became deep ly  jaundiced  
a f t e r  d e l iv e r y .  The plasma gave a p o s i t i v e  delayed  d ir e c t  
r e a c t io n  to  the  van den Bergh t e s t  in  each case  on adm ission.  
The blood p r e ssu r e  was r a is e d  in  one ca se  but was normal in  
the o th e r  th r e e .  The u r in e  contained some albumen and a
tr a c e  o f  b i l e  in  each c a se .
81.
Exam ination o f  the  blood showed s l i g h t l y  in crea sed  
haem atocrit v a lu e s  in  a l l  c a s e s ,  but in  c a se s  a f t e r  d e l iv e r y  
or a f t e r  in tra v en o u s  g lu c o se  had been g iv en  the in c r e a se  was 
not an a b s o lu te  one. Plasma u r ic  a c id ,  urea and b i l i r u b in  
were r a is e d  i n  each c a se .  In  th r ee  o f  the c a se s ,  l 8l ,  183 
and 1 8 4 , th e  u r ic  a c id  va lue  was r e l a t i v e l y  much h ig h er  than, 
the urea va lu e  and in  one ca se  the blood urea was normal.
The a b n o r m a lit ie s  c le a r e d  up g ra d u a lly  a f t e r  d e l iv e r y .  In 
three  o f  the  c a s e s ,  1 8 2 , 183 and 184 , continuous in travenous  
g lu c o se  was g iv e n  and appeared to  a id  recovery. The plasma 
b i l i r u b i n  ranged from 2 .9  u n i t s  in  c a se  181 to 22 u n i t s  in  
case  182. ( I n d iv id u a l  f in d in g s  g iv e n  in  appendix).
In th e s e  p a t i e n t s  the  blood changes were not m erely  
the r e s u l t  o f  s e v e r e  vom iting; th ere  was no obvious r e l a t io n  
between anhydraemia and azotaem ia. There i s  presumably a 
r e la t io n s h ip  between the  m other's  i l l n e s s  and the  abnorm ality  
o f  the p rod u cts  o f  c o n c ep tio n  but i t  i s  im p oss ib le  to  say  
which i s  primary. Although the term " e r y th r o b la s to s is  f o e t a l i s "  
has been used  to  d e sc r ib e  t h i s  group o f  p a t i e n t s ,  i t  i s  not 
su g g ested  th a t  a l l  p a t i e n t s  d e l iv e r e d  o f  c h i ld r e n  with  
e r y t h r o b la s t o s i s ,  s u f f e r  from t h i s  c o n d it io n . The c o n d it io n  
appears to  be ■unrelated to  h y p er ten s iv e  toxaemia -  th e  p a t i e n t s  
were a l l  ex trem ely  i l l  w ithout any marked r i s e  in  blood  
p r e ssu re  or s ig n  o f  impending eclam psia and the blood urea  
v a lu es  were h igh  i n  c o n tr a s t  to  those  in  the p r e -ec la m p tic  
c a se s .  The e a r ly  appearance o f  jaun dice , p o s i t i v e  delayed
82.
d ir e c t  r e a c t io n  to  the  van den Bergh t e s t ,  and the r a is e d  
plasma b i l i r u b i n  in  each c a se  su ggest  th a t l i v e r  damage may 
be a prim ary f a c t o r  but the e t i o l o g y  o f  the c o n d it io n  i s  
obscure. The main c h a r a c t e r i s t i c s  o f  t h i s  sev ere  vom iting  
group are:
a) The f o e t a l  and p la c e n t a l  a b n o rm a lit ie s .
b) S l ig h t  jau n d ice  and r a is e d  plasma b i l i r u b in  with a p o s i t i v e  
d elayed  d i r e c t  r e a c t io n  to  the van den Bergh t e s t .
c) Very h ig h  plasma u r ic  a c id  and m oderately  h igh blood urea  
v a lu e s .
XV. M isc e l la n e o u s  Group.
This group in c lu d e s  c a s e s  o f  vom iting due to  
h y p e r te n s iv e  toxaem ia, a c u te  y e llo w  atrophy and id io p a th ic  
vom iting o f  l a t e  pregnancy.
H ypertensive  toxaem ia must be inc lu ded  as a cause o f  
vom iting  i n  l a t e  pregnancy but i t  i s  seldom the cause o f  
prolonged  and se v e r e  vom iting . Severe p re -ec la m p tic  and 
eclam ptic  c a s e s  o f t e n  have a moderate amount o f  s ic k n e ss  
but vom itin g  i s  r a r e ly  th e  main fe a tu r e  o f  the d is e a s e .
Such c a s e s  can, t h e r e f o r e ,  be e a s i l y  d i f f e r e n t i a t e d  from the  
other groups d e sc r ib ed  h ere , by the presence  o f  the ch a r a cter ­
i s t i c  s ig n s  o f  h y p e r te n s iv e  toxaem ia. In  the  s e r i e s  o f  56 
p r e -e c la m p tic  and 4 2  ec lam ptic  c a ses  s tu d ied  in  s e c t io n s  I I .  
anri h i .  , no p a t ie n t  had s u f f i c i e n t  vom iting to  warrant her  
in c lu s io n  i n  a group o f  l a t e  vom iting ca ses .
Acute y e llo w  atrophy i s  c e r t a in ly  a cause o f  very
severe vo m itin g  end t h i s  c o n d it io n  w i l l  be d iscu sse d  in  
the next s e c t i o n  on jau n d ice  in  pregnancy.
With regard  to  id io p a th ic  vom iting o f  l a t e  pregnancy  
i t  seems very  u n l ik e l y  th a t  such a c o n d it io n  e x i s t s .  D e ta i le d  
exam ination o f  each c a se  u s u a l ly  r e v e a ls  the cause or nature  
of the vom iting  but, a t  p r e s e n t ,  t h i s  term may be g iv en  to any 
case , i n  the second h a l f  o f  pregnancy, with severe and prolonged  
vom iting which cannot be in c lu d ed  in  any o f  the groups 
d escr ib ed  h e r e .  I t  w i l l  be noted  th a t  the  terms “t o x ic  
vo m itin g11, and “p e r n ic io u s  v om itin g11 o f  pregnancy are not 
used i n  the  p r e se n t  work. These terms have been a p p lie d  to  
almost any c a se  o f  vom iting  with s ig n s  o f  a general m etab olic  
d is tu rb a n ce  -  fo r  example, c a s e s  o f  severe  p y e lo n e p h r it is  with  
r a ised  tem perature and azotaem ia , c a se s  o f  severe  hyperem esis  
with azo taem ia , a c i d o s i s  or W ernickefs encephalopathy, and 
c a se s  o f  h y p e r te n s iv e  toxaem ia with some vom iting. In some o f  
th e se  c a s e s  th e  m eta b o lic  upset i s  the r e s u l t  o f  the vom iting  
w hile  i n  o th e r s  i t  r e s u l t s  from the cause o f  the vom iting; the  
use o f  terms such a s  “t o x ic  vomiting" or “p e r n ic io u s  vomiting" 
o f  pregnancy o n ly  ten d  to  obscure the nature o f  the i l l n e s s  
p r e sen t .
Summary.
Cases o f  se v er e  vom iting , r e la te d  t o ,  and occu rr in g  
during pregnancy, are  s tu d ie d .  They are c l a s s i f i e d  as  
fo l lo w s:
8 *
A. Vom iting o f  E arly  Pregnancy. -  Hyperemesis Gravidarum.
B. Vomiting o f  Late Pregnancy.
I .  Prolonged Hyperemesis.
I I .  P y e l i t i s  o f  Pregnancy.
I I I .  " E r y th r o b la s to s is  F o e t a l i s . H
IV. M isc e l la n e o u s  Group -  in c lu d in g  h y p er ten s iv e  
toxaem ic c a s e s ,  acu te  y e llo w  atrophy c a se s  and 
id io p a t h ic  c a s e s .
The b ioch em ica l f in d in g s  from c a se s  in  each group 
are g iv e n  and the  p o in t s  o f  d i f f e r e n t i a t i o n  are d iscu sse d .
S E C T I Q H  VI.
JAUNDICE IN PREGNANCY.
In th e  p reced in g  s e c t io n s  many p a t ie n t s  s u f f e r in g  
from v a r io u s  c o n d it io n s  have been noted to  have s l i g h t  
jaundice w ith  r a is e d  plasma b i l i r u b i n  v a lu es  and to  g iv e  
p o s i t i v e  r e a c t io n s  to  the van den Bergh t e s t .  In some c a se s  
the p a t h o lo g ic a l  b a s is  fo r  th e se  f in d in g s  can be tra c ed , but 
in  o th e r s  th e  a c tu a l  cause i s  obscure.
In  Eclam psia, h a em olys is  may g iv e  r i s e  to  a p o s i t i v e  
in d ir e c t  r e a c t io n  to  the van den Bergh t e s t  and in crea sed  
plasma b i l i r u b i n  -  e .g .  i n  c a se  121 d escr ib ed  in  S e c t io n  I I I .  , 
or the  l i v e r  haemorrhages may cause a p o s i t i v e  delayed  d ir e c t  
r e a c t io n  to  the  van den Bergh t e s t  and in crea sed  plasma  
b i l i r u b in .
*n H yperem esis, however, th e  cause o f  the r a is e d  
plasma b i l i r u b i n  and p o s i t i v e  van den Bergh t e s t  in  some 
p a t i e n t s ,  i s  not c l e a r .  Herold (1 9 3 9 ) ,  ob ta in ed  no ev id en ce  
o f  in c r e a se d  d e s t r u c t io n  o f  red blood c e l l s  in  hyperem esis  
p a t ie n t s  and he concluded  th a t  th e  r a is e d  serum b i l i r u b i n  and 
in crea sed  porphyrin  e x c r e t io n ,  which he found in  th e se  c a s e s ,  
were due to  d ep ressed  l i v e r  fu n c t io n . P a th o lo g ic a l  f in d in g s  
in  the l i v e r s  o f  f a t a l  c a se s  do not g ive  much in d ic a t io n  as
to the cause  o f  the  jaun d ice; i t  can not be a sc r ib ed  in  any
way to  th e  c e n tr a l  f a t t y  change found in  some f a t a l  c a s e s .
S l ig h t  jau n d ice  in  c a se s  o f  P y e lo n e p h r it is  mav 
p o s s ib ly  be due to  an e a r ly  i n f e c t i v e  c h o la n g i t i s .  In f a t a l  
ca ses  o f  p y e lo n e p h r i t i s  w ith  jau n d ice , polymorph i n f i l t r a t i o n  
i s  found around the p o r ta l  t r a c t s ;  and, in  four o f  th e  
p y e l i t i s  c a s e s  o f  th e  p r e sen t  study the plasma gave a p o s i t i v e  
immediate d i r e c t  r e a c t io n  to  th e  van den Bergh t e s t ,  su g g e s t in g  
that th e  ja u n d ice  was o f  the o b s tr u c t iv e  type. S l ig h t  ja u n d ic e ,  
r a is e d  plasma b i l i r u b i n  and a p o s i t i v e  delayed d ir e c t  r e a c t io n  
to the van den Bergh t e s t  are  a l s o  f e a tu r e s  o f the c a se s  o f  
l a t e  vom itin g  w ith  f o e t a l  a b n o r m a lit ie s .  The p o s s ib l e  l i v e r  
l e s i o n s  in  th e se  c a s e s  are  d is c u s s e d  l a t e r .  In a l l  th e se  
c o n d it io n s  j u s t  m entioned, w ith  the excep tion  o f  the l a s t ,  
the ja u n d ice  i s  very  much a secondary fea tu re  o f  the d i s e a s e  -  
i t  appears l a t e  in  th e  d i s e a s e  and i s  s l i g h t .
The p r e se n t  s e c t io n  d e a ls  w ith  c a ses  in  which 
jaundice  i s  one o f  the main f e a tu r e s .  Oases o f  o b s tr u c t iv e  
jau n d ice  due to  g a l l  s to n e s  e t c .  are not inc lu ded . Three 
d i f f e r e n t  c o n d i t io n s  have been found to cause such jaun dice;  
th e se  a r e ,
1. O b s te tr ic  a c u te  y e llo w  atrophy,
2,. True a c u te  y e l lo w  atrophy, and 
3- Delayed chloroform  p o iso n in g .
Sheehan (1 9 4 0 ) ,  has shown th a t  the p ath o logy  o f  the  c o n d it io n  
fr e q u e n t ly  d e sc r ib e d  a s  a cu te  y e llow  atrophy o f  pregnancy i s  
q u ite  d i f f e r e n t  from th a t  o f  th e  acute  y e llo w  atrophy met w ith
in  non-pregnant p a t i e n t s .  He r e f e r s  to  the former as  
o b s t e t r ic  a c u te  y e llo w  atrophy and the l a t t e r  as  tru e  acu te  
yellow  atrop hy  and t h i s  term in o logy  w i l l  be used here . In  
each c o n d i t io n  jau n d ice  i s  the  main fea tu re  o f  the d is e a s e  
and c l i n i c a l l y  the  two c o n d it io n s  are very a l ik e  a lthough t h e i r  
p ath o logy  i s  q u ite  d i s t i n c t .  One case  o f  each type o f  l i v e r  
damage has been s tu d ie d  in  the p resen t  s e r i e s  and i t  w i l l  be 
shown th a t  th e  b iochem ica l changes d i f f e r  w id e ly  in  the  two 
c o n d it io n s .
O b s te tr ic  Acute Yellow  Atrophy.
The p a t i e n t ,  c a se  1 8 5 , s u f f e r in g  from t h i s  c o n d it io n  
was ad m itted  to  h o s p i t a l  i n  the 32nd week o f  her pregnancy a s  
a case  o f  l a t e  vom itin g . She had been w e ll  u n t i l  2 weeks 
before  ad m iss io n  when she began to  have severe  vom iting and 
complete a n o r e x ia .  A ttack s o f  vom iting were preceded by some 
p a in  i n  the ep igastr iu m  and between the shoulder b lad es . At 
t h i s  tim e the  b lood  p r e ssu re  was sa id  to  be normal and the  
urine  c le a r .
26. 3 .4 0 .  The p a t ie n t  was adm itted to  h o s p i t a l .  The blood
p r e ssu r e  was 176 /120  and the ur ine  conta ined
albumen -  .5  p a r t s  Esbach -  but no aceton e . She
was w e l l-n o u r ish e d ;  her l i p s  were red and g la ze d  
and th e r e  was s l i g h t  i c t e r u s  o f  the  co n ju n ctiva e .
She was very  c o n s t ip a te d .  There was no abdominal 
te n d e r n e ss  and no oedema.
27. 3 . 4 0 . She had o n ly  o c c a s io n a l  vomiting and was a b le  to
take  ord in ary  d i e t .  Blood p ressu re  140 / l l Q ,  u r in e  
c o n ta in ed  albumen .5  p a r ts  E . , no acetone and no 
b i l e .  T. 9 7 .6 ;  P. 100; R. 20.
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28. 3*40. B lig h t  g en era l i c t e r u s  was noted but there  was
no b i l e  i n  the u r in e . S to o ls  were normal and the  
u r in a ry  output was good. She complained o f  backache 
and e p i g a s t r i c  p a in  and had 22 oz. s ic k n e ss .
T. 97; 120; R. 20. The jaundice deepened
during the next few days and she was rather  drowsy -  
vom iting  o c c a s io n a l ly .  The urinary output was good 
(42  to  62 oz. per day) and the u r ine  conta ined  
• 5 p a r t s  E . , no acetone  and no b i l e .
30 . 3*40 * 600 c . c .  25$  g lu c o se  s a l in e  was g iven  in tr a v en o u s ly
and t h i s  was fo l lo w ed  by a d e f i n i t e  improvement in
her g e n e ra l  c o n d it io n .  Ho further  intravenous f l u i d  
was g iv e n .
1. 4 . 4 0 . The p a t i e n t  had no vom iting and the jaundice was
unchanged.
2. 4 . 4 0 . Labour p a in s  began at 8 a.m. The jaundice appeared
to  be deeper and mucosae were rather  cyanosed. The
p a t ie n t  was extrem ely  drowsy but her mental c o n d it io n  
was o th erw ise  normal.
10 a.m. T. 99; P. 112; R. 20. Blood pressu re  170/115  
3 p.m. She was d e l iv e r e d  spontaneously  o f  a l i v i n g ,  
premature, fem ale c h i ld  weighing 4f  l b s . ; the  
p la c e n ta  was not weighed. She became very s ic k  and 
had se v e r e  r e tc h in g  soon a f t e r  d e l iv e r y .  Her sk in  
f e l t  ex trem ely  h o t .  Blood p ressu re  140/125*
4 . 3O p.m. The p a t ie n t  became very c o l la p s e d  -  
blood p r e ssu r e  140 / 130 . She was very a p a th e t ic  and 
the  vom iting  became sev ere .  Continuous intravenoiis  
g lu c o se  s a l in e  was g iv e n  but the p a t ie n t  did not 
improve.
9 p.m. She became very r e s t l e s s  and l a t e r  comatose. 
Death occurred  a t  11 .10  p.m.
The b ioch em ica l f in d in g s  are g iv en  below and are shown
o p p o s ite  in  graph form -  Chart XXI. -  plasma sodium and whole
blood c h lo r id e  are  not in c lu d ed  in  t h i s  graph.
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The b lood  was ex trem ely  co n cen tra ted  throughout the i l l n e s s .
The plasma urea  v a lu e s  rose  r a p id ly  during the f i r s t  day o f  
the i n v e s t i g a t i o n  and then  remained alm ost unchanged; the  
plasma u r ic  a c id  v a lu e s  were g r e a t ly  in crea sed  and were 
r e l a t i v e l y  much h ig h er  than the urea v a lu e s .  The plasma gave 
a p o s i t i v e  de layed  d ir e c t  r e a c t io n  to the van den Bergh t e s t  
and the plasma b i l i r u b i n  ra s  h igh . Blood d i lu t io n ,  accompanied 
by a f a l l  i n  plasma u r ic  a c id  and urea , fo llow ed  in travenous  
g lu co se  t r a n s f u s io n  and the improvement la s t e d  for  more than  
24 hours. Whole b lood  c h lo r id e s  were abnormally low u n t i l  
a few hours b efore  death when th ey  rose  to 628 mg. per 100 c . c .  
plasma sodium v a lu es  ranged around the upper l im i t  o f  normal 
u n t i l  a few hours before  death when they  rose  to 3^9 per  
100 c . c .  Some o f  the u r in a r y  f in d in g s  were rather  unexpected.  
During the p e r io d  o f  o b se r v a t io n  the p a t i e n t fs urinary  output  
was very  good -  37 to  79 oz.  per  day, in  s p i t e  o f  the fa c t  
that her blood was v ery  con cen tra ted . U n fortu nate ly  no ren a l  
fu n c t io n  t e s t s  were performed but i t  may be presumed th a t  the  
c o n c e n tr a t in g  power o f  the  kidney was poor. B ile  was never  
p resen t  i n  the u r in e  a lthough the plasma b i l i r u b in  was r a is e d  
and th e re  was obvious jau n d ice . Urinary albumen remained 
con sta n t a t  .3  p a r t s  Esbach throughout the p er iod  o f  
exam ination.
At the  autop sy , performed three  hours a f t e r  death, 
the l i v e r  weighed 1 ,1 0 0  gms. and was very s o f t .  I t  was l i g h t  
ye llow  i n  c o lo u r  w ith a f in e  m o tt l in g  o f  p in -p o in t  red d o ts .
PLATE U .
Liver in O b s te t r i c  Acute Yellow Atrophy.
High power view showing cytoplasmic change in ce n t ro lo o u la r  cells
and absence of n e c ro s i s .
( Case 135 }
9 1 .
On h i s t o l o g i c a l  exam ination  the  cen tro lo b u la r  c e l l s  were 
found to be sw o lle n  and f i l l e d  with a f in e  foam o f  sm all  
f a t t y  g lo b u le s .  The c e l l s  o f  the outer  h a lv e s  o f  the lo b u le s  
were u n a f fe c te d .  There was no tr a c e  o f  n e c r o s is  o f  l i v e r  
c e l l s .  A microphotograph o f  the cen tro lo b u ia r  c e l l s  i s  shown 
in  P la t e  IV. The changes are  ty p ic a l  o f  o b s t e t r ic  acu te  
ye llow  atrop hy , a s  d e sc r ib ed  by Sheehan ( 1940 ) ,  a lthough the  
zone o f  f a t t y  change i s  l e s s  e x te n s iv e  in  the p resen t case  
than in  th o se  o r i g i n a l l y  d escr ib ed . The kidneys were small 
and very  firm . The c o r te x  was very  w h ite , the normal s t r i a t i o n  
was d i s t o r t e d  and th e  ca p su le  was adherent. M icro sco p ica lly  
there  was a very f in e  e a r ly  i n t e r s t i t i a l  f i b r o s i s .  The 
g lom eru li  appeared to  be normal but th ere  was evidence o f  
tubular  damage -  the ep ith e liu m  o f  the convoluted  tub u les  
was very low; some o f  the c e l l s  were necrosed and in  p a r ts  
there  was r e g e n e r a t io n  o f  tub u lar  c e l l s .  A s o f t ,  lo b u la te d  
tumour mass, about 4 “ * 3" x 2" was found ly in g  on the  
p o s t e r io r  abdominal w a ll  behind the pancreas on the l e f t  s id e ,  
with no attachm ent to  any organ. On s e c t io n ,  the tumour 
c o n s i s t e d  o f  y e l lo w is h  t i s s u e ,  o b v io u sly  fa s c ic u la t e d ,  with  
se v e r a l  haemorrhages in to  i t s  substance  and some c y s t i c  change. 
From m icro sco p ic  exam ination  a d ia g n o s is  o f  benign chrom affin  
c e l l  tumour (paragangliom a) was made. The remaining p o s t ­
mortem f in d in g s  r e v e a le d  no a b n o rm a lit ie s  except for  two 
small pedu ncu lated  su b p er ito n ea l  u ter in e  f ib r o id s ,  one of
which showed marked red d egen eration  and conta ined  q u ite  a
la rg e  p atch  o f  n e c r o s i s .
In t h i s  c a se  ( 1 8 5 ) the d egen era tiv e  changes in  the  
l i v e r  were t y p i c a l  0 f  o b s t e t r i c  acu te  y e llo w  atrophy; they  
were c o n f in e d  to  the  c e n tr e  h a lv e s  o f  the lo b u le s ,  however, 
and th ey  do not seem a s u f f i c i e n t  cause o f  death. The part  
played  by the a d r e n a l in - s e c r e t in g  paraganglioma which was 
found a t  th e  post-mortem exam ination in  t h i s  case  must be 
est im ated . A h i s t o r y  was not o b ta in ed  o f  paroxysmal 
h y p er ten s io n  or o th e r  c l i n i c a l  m a n ife s ta t io n s  which have 
been r ep o rted  in  the l i t e r a t u r e  as a s s o c ia te d  w ith th e se  
benign chrom affin  c e l l  tumours (E isenb erg  and Wall e r s t  e in ,
1932; B e lt  and P o w ell ,  1934; W ells and Boman, 1937; Howard 
and Barker, 1937; H egg lin  and Nabholz, 1938 ; and H o ls t ,  1938). 
D e ta ile d  b lood  p r e ssu re  read in g s  were not a v a i la b le  in  the  
p resen t  c a se ,  but a f t e r  ad m iss ion  to h o s p i t a l ,  th ese  varied  
between 1 7 6 /1 2 6  and 140 /H O . A g r e a t ly  in crea sed  s u s c e p t i b i l i t y  
to shock, however, i s  one o f  the outstan d in g  fea tu re s  o f  the  
benign chrom affin  c e l l  tumour syndrome and O berling and Jung, 
( 1927 ) ,  rep ort  an example o f  t h i s  syndrome in  a pregnant  
woman who d ied  o f  shock s i x  hours a f t e r  a normal d e l iv e r y .
I t  seems very  l i k e l y  t h a t ,  in  the p resen t ca se , th e  u lt im a te  
cause o f  death  was shock. This co n c lu s io n  i s  supported by 
the c l i n i c a l  f in d in g s  -  the sudden d e te r io r a t io n  in  the  
p a t ie n t * s  c o n d i t io n  during labou r, the g r e a t ly  d im inished  
p u lse  p r e ssu r e  a f t e r  d e l iv e r y  and f i n a l  c o l la p s e .  This ca se
may, t h e r e f o r e ,  be regarded a s  one o f  m ild  o b s t e t r ic  acute
ye llow  atrophy in  which death occurred from an in c id e n t a l  
cause.
Stander and Cadden ( 1934a) d e sc r ib e  a case  o f  
"acute y e l lo w  atrophy o f  the l iv e r "  in  pregnancy with f in d in g s  
very s im i la r  to  th o se  o f  the ca se  j u s t  d escr ib ed . The 
d ise a se  appears to  have been more acu te  in  th e ir  case  -  death  
occurr ing  6 days a f t e r  the o n se t  o f  symptoms. They found 
r a is e d  b lood  n o n -p r o te in  n itr o g e n , u r ic  a c id ,  am ino-acids  
and c r e a t in in e  w ith low blood c h lo r id e s  and dim inished COg 
volumes per  cen t;  the  o n ly  d i f f e r e n c e  between th e ir  f in d in g s  
and th o se  o f  the p resen t  c a se  i s  in  the blood urea value  
which was w ith in  normal l i m i t s  in  th e ir  ca se . The p a th o lo g ic a l  
l i v e r  changes in  the two c a se s  appear to  be i d e n t i c a l .
Sheehan (1940) d e s c r ib e s  s i x  c a se s  w ith s im ila r  p a th o lo g ic a l  
f in d in g s  and has p o in ted  out th a t  t h i s  type o f  l i v e r  l e s i o n  
i s  n o t ,  a s  su g g es ted  by Stander and Cadden (I934t>)> a s ta g e  
preced ing  the n e c r o s i s  o f  tru e  acute  ye llow  atrophy but i s  
a d e f i n i t e  e n t i t y .
There are  s e v e r a l  p o in t s  o f  resemblance between  
the b ioch em ica l f in d in g s  in  ca se  185 and those  in  ca ses  l 8l  
to I 84 , th e  t h ir d  group o f  l a t e  vom iting c a se s  a s s o c ia t e d  
with e r y t h r o b la s t o s i s  f o e t a l  i s .  Severe vom iting and vary in g  
degrees o f  ja u n d ice  are  the main fe a tu r e s  o f  each case  and 
the time o f  o n se t  o f  symptoms i s  approxim ately the same in  
a l l  c a s e s .  In creased  blood co n c en tr a t io n , very h igh  plasma  
uric  a c id ,  r a is e d  blood urea, p o s i t i v e  delayed d ir e c t  r e a c t io n
H .
to the  van den Bergh t e s t  and r a is e d  plasma b i l i r u b in  are  
found in  both ty p e s  o f  c a se .  The q u est io n  a r i s e s  whether 
th ese  l a t e  vom iting  c a ses  are  n o n - fa ta l  examples o f  o b s t e t r i c  
acute y e l lo w  atrophy. Duncan and MacLachlan (1 9 3 3 ) , rep orted  
a case  o f  “y e l lo w  atrophy o f  the L iver  in  Pregnancy” in  which 
the b ioch em ica l f in d in g s  resembled those o f  the present s e r i e s .  
The b lood  urea reached 168 mg. per 100 c . c .  but ur ic  a c id  was 
not e s t im a te d . Their p a t ie n t  recovered  a f t e r  the d e l iv e r y  
o f  a m acerated f o e t u s .  Sheehan ( 1 940 ) ,  p o in ted  out th a t  the  
appearance o f  the l i v e r  l e s i o n s  in  t h i s  c o n d it io n  suggested  
that th e y  were o f  a r e v e r s ib le  nature  and that they were 
p o s s ib ly  o n ly  the r e s u l t  o f  a p a r t ic u la r  type o f  m etabolic  
d istu rb an ce; he m entions th a t  in  h i s  ca ses  a l l  the c h i ld r e n  
were s t i l l - b o r n .  In case  1 8 5 , the c h i ld  was born a l i v e  but, 
as has been m entioned, the l i v e r  l e s io n s  were not very far  
advanced and t h i s  ca se  was presumably on ly  a m ild  example o f  
o b s t e t r ic  acu te  y e l lo w  atrophy; there  was the a d d it io n a l  
fa c to r  o f  the adrenal i r e  s e c r e t in g  tumour. One can o n ly  
sp e c u la te  w ith  regard  to  the  r e l a t io n  o f  the l i v e r  changes 
and t h i s  tumour but hyperadrenal i n i  sm r e s u l t in g  in  a d e p le t io n  
o f  l i v e r  g ly co g en  may have been a fa c to r  in  causing  the  
l i v e r  damage. D i f f e r e n t  fa c t o r s  causing g lycogen  d e p le t io n  
of the l i v e r  may be o p e r a t iv e  i n  other c a se s  o f  o b s t e t r ic  acu te
ye llow  atrophy.
From the b iochem ical f in d in g s  in  t h i s  case  and the
few p r e v io u s ly  d e sc r ib e d  in  the l i t e r a t u r e  the c h a r a c t e r i s t i c
changes in  the blood i n  o b s t e t r i c  acu te  y e llo w  atrophy may 
be summarised a s  f o l lo w s .
I)  In crea sed  b lood  c o n c en tr a t io n .
I I )  Very h igh  plasma u r ic  a c id  and m oderately r a is e d  blood  
urea v a lu e s .
I l l )  Low whole b lood  c h lo r id e s .
IV) P o s i t i v e  de layed  d i r e c t  van den Bergh t e s t  and r a is e d  
plasma b i l i r u b i n .
These changes a r e ,  o f  co u rse , by no means d ia g n o s t ic  o f  
o b s t e t r i c  a c u te  y e llo w  atrophy but th ey  may be h e lp fu l  when 
taken i n  c o n ju n c t io n  w ith  other  f in d in g s .
True Acute Yellow Atrophy.
One case  o f  tru e  a cu te  y e llo w  atrophy o f  the l i v e r  
has been encountered  i n  a pregnant woman during the p resen t  
study (Case 186) and an account o f  the c l i n i c a l ,  b iochem ical  
and p a t h o lo g ic a l  f in d in g s  i s  inc lu d ed  here fo r  comparison  
with th o s e  o f  the p r e v io u s  c a se  ( 185 ).
The p a t i e n t ,  a g i r l  o f  17 years , was 7 weeks pregnant
when adm itted  to  h o s p i t a l .  A week before adm ission she had
n o t ic e d  s l i g h t  y e llo w n ess  o f  her con ju n ctivae  and had had
s l i g h t  vom iting  and d iarrh oea  with l i g h t  y e llo w  s t o o l s .
Jaundice deepened but she had no more s ic k n e s s .
25 . 6 . 4O. Admitted to  h o s p i t a l .  She wr.s deep ly  jaundiced ,
the u r in e  con ta in ed  albumen +, and a tr a c e  o f  b i l e  
pigm ent, but no other  abnorm ality was made out on
g en era l exam ination . T. 9 7 .6 ;  P. 92; R. 20 .
B. P. 120 /65 .
-LATE V.
Liver in  True Acute Yellow Atrophy.
Naked eye view showing red and yellow patches
( dase 135 j
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PLATE 7 1 .
Liver in True Acute Yellow 
Atrophy. ( Case- 136 )
Low power view from red area 
showing absence of liver cells 
and numerous newly formed bile 
d u c t s .
PLATE 711
Liver  in  True Acute Yellow
Atrophy. ( base 186
Low power view from yellow 
area  showing small groups of 
su rv iv in g  l i v e r  c e l l s  with 
s t ro n g ly  basophil  staining 
r e a c t io n
She appeared w e ll  and her mental c o n d it io n  v/as 
normal. Her s t o o l s  were l i g h t  c la y  coloured.
She had no s ic k n e s s  during the next few days.
The jau n d ice  was s t i l l  very deep, 
a t  2 p.m. The p a t ie n t  suddenly became very  
i r r i t a b l e  and screamed lo u d ly  when touched or 
d is tu rb ed .
1 1 .3 0  p.m. She had become stu perose  and would not 
speak but when roused she was m aniacal. She had 
no vom iting . 300 c . c .  50$ g lu c o se  s a l in e  + 10 u n its  
o f  i n s u l i n  were g iv en  in trav en ou sly .
10 a.m. She was somewhat improved and was now 
c o n sc io u s  and a b le  to speak. Her s t o o l  was o f  
normal co lou r  and the urine deeply  b i l e - s t a in e d .  
Later i n  the morning she began to vomit and 
g ra d u a lly  r e la p se d  in to  a sem i-consciou s s t a t e  
becoming m aniacal when roused. The p u lse  r a te  rcoe  
to 130 per minute but the temperature remained 
normal. 30$  g lu c o se  was g iven  in trav en ou sly .
T. 9 8 .2 ;  P. 140; R. 24 . She remained deeply  
comatose throughout the day and e x h ib ite d  Cheyne 
Stokes r e s p ir a t io n .  Jaundice appeared to  be 
deeper. Continuous in travenous 3 g lu co se  was 
g iv en  w ith  no e f f e c t .  The urinary volume passed  
was la r g e  and the ur ine  conta ined  a la rg e  amount 
o f  b i l e  pigment. At 9 P*m* s’ne tw itc h in g s  o f  
her fa c e  and sev ere  r ig h t - s id e d  c lo n ic  spasms o f
the body and lim b s. T. 102 .4; R* 144; R- 24*
2. 7*40. The p a t ie n t  d ied  a t  1 .4 9
At th e  au top sy , performed l j  hours a f t e r  death, the  
l i v e r  weighed o n ly  700 grns. I t  was shrunken and the p e r i to n e a l  
su rface  was w rinkled . The cut surface  was dark red in  co lou r  
with a m o tt l in g  o f  ir r e g u la r  ye llow  patches -  see  P la te  V. 
M ic r o s c o p ic a l ly  there  was widespread n e c r o s is  o f  l i v e r  c e l l s .
In the red a rea s  o n ly  shadows o f  the columns remained -  see  
P la te  V I . , end in  the y e llo w  areas there were sm all groups o f  
su r v iv in g  l i v e r  c e l l s j  th e se  c e l l s  showed a s tr o n g ly  b asop h il  
s ta in in g  r e a c t io n  -  see  P la t e  VII. Over la r g e  areas  th e
n e c r o t ic  d e b r is  had been s/osorbed, i t s  p la ce  being occupied
by d i l a t e d  s in u s o id s  packed with blood. There was some
26. 6 .4 0 .  
29. 6 .40
30. 6 . 4 0 . 
1 . 7 -4 0 .
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i n f i l t r a t i o n  o f  sm all round c o l l s  and. polymorphs from the  
p o r ta l  t r a c t s .  Large numbers o f  new-formed b i l e  ducts  
surrounded the p o r ta l  t r a c t s  in  many p la c e s  -  see  P la te  V I .,  
and th e re  was some in c r e a se  in  the p e r ip o r ta l  f ib ro u s  t i s s u e .  
Sudan s t a in in g  r e v e a le d  the presence o f  d r o p le ts  o f  f a t  in  
many o f  the su r v iv in g  l i v e r  c e l l s .  The kidneys showed no 
abnorm ality . In  the  lu n g s  there  was a very haemorrhagic 
broncho-pneumonia. The mucosa o f  the duodenum was sw o llen  and 
in flam ed . The u teru s  co n ta in ed  an e a r ly  g e s t a t io n  sac about 
2 cm. d iam eter .
I t  w i l l  be seen th a t  the post-mortem f in d in g s  are  
t y p ic a l  o f  true a cu te  y e llow  atrophy, such as occurs e i t h e r  
i d i o p a t h i c a l l y  or as  the  r e s u l t  o f  o o iso n in g  by various  
su b sta n ces  -  e . g .  dope, T .N .T ., c incophen e t c . ;  and in  t h i s  
case  th e re  were grounds for  su sp e c t in g  th a t some chemical 
or drug had been taken a lthough no h i s t o r y  o f  t h i s  could be 
ob ta in ed  from the r e l a t i v e s .
The b iochem ica l f in d in g s  are g iv en  below and are  
shown i n  graph form o p p o s ite  -  see  Chart XXII.
B iochem ical F indings in  Case 186 .
27. 6 . 10 .
10 p.m. 
30. 6 .40 .
12 m. d. 
1 .7 .4 0 .
3 a.m. P.M.
.. 2,7.,..4P.f................ .
H aem atocrit. •54# 3756 _ ....J 3 k
Uric Acid. 2 . 6 3 .6  .... 4.4___ . 8 .0
Urine. 0 .0 3 0 .0 5 6
Urea. 1 4 .3 16 . 23,, 35 .
Urine. 0 .4 6
B i l i r u b in . 22 29 ----- 32-----
Intravenous  
g lu c o se ,  30*6. 40> 
a t  8 p.m.
98.
On 27. 6 .4 0 ,  t e n  days a f t e r  the onset  o f  jau n d ice  and other  
symptoms, the blood i n v e s t i g a t io n  rev ea led  no abnorm ality, 
apart from a d ir e c t  p o s i t i v e  r e a c t io n  to  the van den Bergh 
t e s t  w ith  on ly  a £  minute d e lay , and a very high plasma 
b i l i r u b i n  (22  u n i t s ) ;  the haem atocrit reading was normal and 
the plasm a u r ic  a c id  and urea were w ith in  normal l i m i t s  
although the  urea va lu e  was rather  low. The s t o o l s  conta ined  
no b i l e  pigment and a t  t h i s  s ta g e  a d ia g n o s is  o f  ca ta rrh a l  
jaun d ice  was made. A fter  the p a t ie n t  had become a c u te ly  i l l ,  
blood i n v e s t i g a t i o n  showed a r i s e  in  haem atocrit value from 
34$ to  37$ (probab ly  l e s s  than the a c tu a l  r i s e  because the  
specimen o f  blood was withdrawn 2 hours a f t e r  300 e . c .  o f  
30$ g lu c o se  had been g iv en  in tr a v e n o u s ly ) .  The blood  
sed im en ta tion  r a te  o f  t h i s  specimen was n i l .  a t  1 hour, 
s u g g e s t in g  a great in c r e a s e  in  f ib r in o g en . Plasma u r ic  a c id  
and urea were s t i l l  w ith in  normal l i m i t s  while  the plasma 
b i l i r u b i n  had in c re a se d . J u st  before  death there was a 
marked in c r e a s e  i n  blood co n c en tr a t io n , the plasma u r ic  a c id  
showed a rapid in c r e a se  to  8 .0  mg. per 100 c .c .  and the plasma 
urea r o se  to  35 mg. per 100 c . c .  Uric a c id  and urea p ercen ta ges
in  th e  u r in e  were low.
The s t r ik in g  f e a t u r e . i n  both the c l i n i c a l  and 
b iochem ica l f in d in g s  i n  t h i s  case  was the absence o f  s ig n s  o f  
severe  l i v e r  damage u n t i l  48 hours before death. I t  i s  q u ite  
c le a r ,  however, from the h i s t o l o g i c a l  appearance o f  the l i v e r  
th at the  m assive  n e c r o s i s  did not take p la ce  during the l a s t
few days o f  l i f e ;  the ex ten t  o f  the b i l e  duct p r o l i f e r a t i o n  
and the com plete disappearance o f  the l i v e r  c e l l  remnants a t  
most a r e a s  in d ic a t e  th a t the l e s i o n  was probably o f  10 to  14 
d ays1 d u ra t io n , i . e .  i t  had occurred about th e  time o f  the  
onset o f  symptoms. A low blood urea value was to be expected  
in  such a c a se  because i t  has been shown th a t  urea i s  formed 
by the  l i v e r  (Mann and Magath, 1921 ).
Numerous r ep o r ts  o f  c a se s  o f  acute  ye llow  atrophy  
have been g iv e n  i n  the l i t e r a t u r e  but on ly  two hav e been 
found which in c lu d e  b iochem ical f in d in g s  in  such c a se s .
Stadie  and Van Slyke (1920) rep ort the case  o f  a woman aged 
29 y ears  who d ied  a f t e r  7 d a y s ’ i l l n e s s ;  the l i v e r  a t  p o s t ­
mortem exam ination weighed 1 ,0 0 0  gms. and there  was e x te n s iv e  
n e c r o s is  o f  l i v e r  c e l l s  a lthough some o f  the p e r ip o r ta l  c e l l s  
appeared h e a lth y .  The blood urea n itr o g en  v a lu es  during the  
l a s t  3 days o f  l i f e  were 1 2 , 9 and 16 mg. per 100 c .  c. respective! 
and the  u r in a r y  urea n itr o g e n  percentage was very low. Blood 
am ino-acid  n i tr o g e n  v a lu e s  during the l a s t  3 days o f  l i f e  
were 1 4 , 1 7 , and 26 mg. per 100 c . c .  r e s p e c t iv e ly  w h ile  
u rin ary  am ino-acid  n i tr o g e n  and ammonia r a t io  were g r e a t ly  
in c re a se d . Uric a c id  was not estim ated . The authors regarded  
th ese  f in d in g s  e s  ev idence o f  p a r t i a l  l o s s  o f  the deam in ising  
power o f  the l i v e r .  Rabinowitch ( 1929 )» rep o rts  a case  o f  a 
woman aged. 28 y e a rs ,  who died a f t e r  3 days* i l l n e s s .  The 
l i v e r  a t  post-mortem exam ination weighed 650 gms. and showed 
n e c r o s i s  o f  alm ost a l l  c e l l s .  No blood urea was found in  t h i s
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oa.se and. the  blood am ino-acid  n itro g en  va lu e  was 216 mg. per  
100 c . c .  The blood u r ic  a c id  was 1*96 mg. per 100 c . c .  The 
case o f  S ta d ie  and Van Slyke and that o f  Rabinowitch were 
both a p p a re n tly  more acu te  than the presen t ca se . U nfortunately  
blood ami n o -a c id s  were not determined in  the presen t case  but 
the b lood  and u r in ary  urea f in d in g s  are s im ila r  to those  o f  
the c a s e s  j u s t  mentioned and tend to  support the  c o n c lu s io n  
of p r e v io u s  workers w ith  regard to the  part played by the  
l i v e r  i n  urea m etabolism .
The u r ic  a c id  f in d in g s  were very unexpected. The 
work o f  Bollman, Mann and Magath ( 1925 ) ,  and Gremels and Bodo 
( 1926 ) ,  in d ic a t e s  th a t  in  dogs u r ic  a c id  i s  destroyed  in  the  
l i v e r ;  and in  man i t  i s  g e n e r a l ly  accepted  that l i v e r  damage 
r e s u l t s  i n  an in c r e a se  in  blood u r ic  a c id .  The p resen t  
f in d in g s  do not support such a h y p o th e s is .  I t  i s  p o s s ib le  
th a t ,  i n  the  p resen t  c a s e ,  r eg e n e ra t io n  o f  l i v e r  c e l l s  was 
s u f f i c i e n t  to  deal w ith  th e  endogenous u r ic  a c id  and to  form 
a c e r t a i n  amount o f  urea; c e r t a i n ly  the su rv iv in g  l i v e r  c e l l s ,i
seen  m ic r o s c o p ic a l ly ,  appear to be young and were presumably 
a c t iv e .  The low u r ic  a c id  va lue  found in  Rabinowitch 's  case ,  
however, su g g e s ts  th a t  another exp lan a tio n  i s  n ecessary  s in c e  
the l i v e r  damage was g r o ss  and there  was no s ig n  o f  any c e l l
r eg e n e ra t io n .
In c o n tr a s t  to  the non—p r o te in  n itr o g e n  f in d in g s ,  
the plasma b i l i r u b i n  v a lu e s ,  in  the present c a se ,  were d i r e c t l y  
p ro p o r t io n a l  to the  s e v e r i t y  o f  the d is e a s e .  During the
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period  o f  exam ination the plasma b i l i r u b in  rose  s t e a d i l y  from 
22 u n i t s  to J>2 u n i t s  a t  death. The plasma gave a p o s i t i v e  
d ir e c t  r e a c t io n  to  the van den Bergh t e s t  with o n ly  \  minute  
delay  on 27 . 6 . 4 0 , about 10 days a f t e r  the o n set  o f  symptoms, 
and t h i s  f in d in g ,  a lon g  with the absence o f  pigment in  the  
s t o o l s  l e d  to  the erroneous d ia g n o s is  o f  ca ta rrh a l jau n d ice .
In the term in a l s ta g e  o f  the d i s e a s e  the plasma gave a p o s i t i v e  
d ir e c t  r e a c t io n  to  the van den Bergh t e s t  with 1-J- minute 
delay  and the s t o o l s  co n ta in ed  b i l e  pigment.
The main p o in t s  o f  i n t e r e s t  in  t h i s  case  o f  tru e  
acute  y e l lo w  atrophy may be summarised as fo l lo w s:
I)  The absence o f  c l i n i c a l  s ig n s  and symptoms, apart from
the ja u n d ic e ,  for  about 12 days a f t e r  the onset o f  the  
l i v e r  damage.
I I )  No in c r e a se d  blood c o n c en tr a t io n  u n t i l  about 48 hours
b e fo re  death .
I l l )  Normal plasma u r ic  a c id  and low blood urea va lu es  u n t i l
j u s t  b efore  death; a r e te n t io n  o f  both plasma u r ic  a c id  
and urea  followed, the in c r e a se  in  blood co n c en tr a t io n .
IV) A s t e a d i l y  r i s i n g  plasma b i l i r u b in  con ten t throughout
the i l l n e s s  and a p o s i t i v e  delayed  d ir e c t  r e a c t io n  
to  the van den Bergh t e s t .
Delayed Chloroform P oisoning.
P o iso n in g  due to  chloroform causes ye t  another  
type o f  l i v e r  l e s i o n  and ca ses  o f  delayed chloroform p o iso n in g
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are o cca s io n a lly  met with in  the puerperium. Sheehan (1 9 4 0 ) ,  
has pointed out that the acidosis  and dehydration resu lt in g  
from a long labour, make perturient women sp ec ia lly  susceptib le  
to the i l l  e f f e c t s  o f  th is  drug.. He has found that the l iv e r  
le s io n  in  these  dystocia  cases i s  a mid-zonal necrosis which 
spreads c e n tr a l ly  in  severe cases.
A fa ta l  case, case 187 , of delayed chloroform 
poisoning was examined during the present study but no 
biochemical f indings were obtained from i t .  The patient had 
been given  chloroform for 20 minutes on two occasions. She 
had had moderately severe vomiting for 48 hours before the 
f i r s t  adm inistration of chloroform and th is  sickness continued 
during the next day when labour began. Vomiting was severe 
and the patien t was very a c id o tic . Chloroform was again given  
for the d e livery  a fter  a 4 hour labour. The p a tie n t 's  
condition a f te r  d e livery  was very poor. She died 6 hours 
after  the d e livery  and about 72 hours a fter  the f i r s t  
adm inistration of chloroform. At the autopsy, the l iv e r  
weighed 1 ,2 2 0  gms. Microscopically there was very d e f in ite  
mid-zonal necrosis  with fa tty  degeneration of the centrolobular  
c e l l s ;  a microphotograph of th is  i s  shown in  P late VIII. for  
comparison with the l iv e r  le s io n s  in  cases 185 &nd 186 .
Three very severe but non—fata l cases, (188, 189 and 
190 ) ,  and two milder cases, (135  ^91) > delayed
chloroform poisoning have been investigated  during the present
study and i t  i s  in terest in g  to compare the biochemical
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chenges found in  th e se  ca ses  with those found in  the c a se s  
of the two o th er  ty p e s  o f  l i v e r  damage, p r e v io u s ly  d escr ib ed .
In each o f  the sev ere  c a se s  chloroform was g iven  for  the  d e l iv e r y  
a f t e r  a lo n g  labour; the  mean len g th  o f  labour for the 3 c a s e s  
was 52 hours. A l l  the p a t ie n t s  vomited fre q u en t ly  during  
labour and were, th e r e fo r e ,  dehydrated and a c id o t ic  b efore  
d e l iv e r y .  In  c a s e s  189 and 190 chloroform was given on two 
d i f f e r e n t  o c c a s io n s  during labour and again  at d e l iv e r y .
Case 189 was d e l iv e r e d  by forcep s  a f t e r  a 52 hour labour  
and was under chloroform a n a e s th e s ia  for 5° minutes; 200 c . c .
50$  g lu c o se  were g iv en  in tr a v en o u s ly  at the d e l iv e r y .  One o f  
the m ild  c a s e s  ( 19^) r e c e iv e d  chloroform for  25 m inutes a f t e r  
a 51 hour labour; 200 c . c .  50$  g lu co se  had been g iv en  h a l f - a n -  
hour b e fore  the a n a e s th e t ic  was s ta r te d .  The other m ild c a se  
(135) was an ec lam ptic  t r e a te d  by the S troganoff method. 
Chloroform was g iv e n  for  a few minutes on four d i f f e r e n t  
o c c a s io n s  during and a f t e r  labour. Labour la s t e d  24 hours 
and the d e l iv e r y  was spontaneous. This was the on ly  eclam ptic  
p a t ie n t  out o f  a very  la rg e  s e r i e s  tre a ted  by the S troganoff  
method, who showed d e f i n i t e  s ig n s  o f  chloroform p o iso n in g .
A l l  th e se  p a t i e n t s ,  c a ses  188, 189 , 190, 191> SSL,
33=3 and 135 , vomited a l i t t l e  during the f i r s t  two days o f  
the puerperium and on the t h ir d  day they were n o t ic e d  to  be 
jaundiced; tem perature and p u lse  rate  were e le v a te d  -  
Temperature 99° ~ 101°, p u lse  r a te  about 120 . The severe  
ca ses  became r e s t l e s s  and l a t e r  d e l ir io u s ;  two o f  them, c a ses
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lP3 and 1.39, were com p lete ly  comatose by the fourth  day post  
partum. The tem perature ranged from 103° to  105° and the  
p u lse  was very  weak and rapid -  o f te n  over 160 per minute. 
Continuous in trav en o u s  g lu co se  was s ta r te d  on the  t h ir d  day 
p ost partum: s l i g h t  improvement ( f a l l  in  temperature and 
pu lse  r a te  and s ig n s  o f  return in g  co n sc io u sn ess)  began on the  
f i f t h  day p o s t  partum and p e r s i s t e d .  In the miM c a se s  the  
jaun d ice  l a s t e d  on ly  a few days and there  were no mental symptone; 
in  the se v er e  c a s e s  the  jaundice  became very deep and la s t e d  
for  about 2 weeks. B i le  pigments were p resen t in  both ur ine  
and f a e c e s .  The b iochem ical f in d in g s  throughout the course  
o f  the d i s e a s e  in  each case  are g iven  in  the appendix. A 
com posite  ch art  o f  the changes in  the various blood f r a c t io n s  
in  the th ree  sev ere  oases  i s  g iven  in  Chart XXIII. I n v e s t ig a t io n  
o f  th e s e  c a s e s  was not s t a r t e d  u n t i l  the jTd. day p ost  partum 
and th e r e fo r e  the changes occurring  in  the blood f r a c t io n s  
im m ediately  a f t e r  d e l iv e r y  are not known. In the graph, 
however, the  exp ected  changes in  haematocrit, plasma u r ic  
a c id  and urea in  a normal case  with a 52 hour labour, during  
the f i r s t  3 days p o s t  partum, are in d ic a te d  with d o tted  l i n e s ,  
for  comparison w ith  the f in d in g s  in  the p resen t c a ses ;  the  
va lu es  have been c a lc u la t e d  from the data recorded in  S e c t io n s  
I I .  and IV. I t  w i l l  be n o t ic e d  that the haem atocrit v a lu es  
during the a cu te  s ta g e  o f  the i l l n e s s  were r e l a t i v e l y  h igh  
and th a t  improvement c o in c id e d  with a decrease  ..n the  
haem atocr it  v a lu e s .  In each case  the plasma gave a p o s i t i v e  
delayed d i r e c t  van den Bergh r e a c t io n  and the plasma bi. ir u b in
was very  h igh  (24  to  32 u n i t s  in  sev ere  o a s e s ) ;  the plasma  
b i l i r u b in  appeared to  vary w ith the s e v e r i t y  o f  the  c l i n i c a l  
c o n d it io n .  Plasma u r ic  a c id  and urea were r a is e d  in  each cas  
The plasma u r ic  a c id  v a lu es  were r e l a t i v e l y  h igh er  than the  
urea v a lu e s  in  in d iv id u a l  c a se s  and the maximum urea value  
was u s u a l ly  reached a day l a t e r  than the maximum u r ic  a c id  
value. A f a l l  in  the plasma u r ic  a c id  l e v e l  occurred in  each 
case  a t  l e a s t  24 hours before  there  was any other  b iochem ical  
or c l i n i c a l  s ig n  o f  improvement; apart from t h i s ,  however, 
the plasma u r ic  a c id  and urea va lu es  fo llo w ed  the haem atocr it  
changes.
In  each case  treatm ent with intravenous g lu c o se  
was i n s t i t u t e d  as  soon as  the d ia g n o s is  was made: in  three  o f  
the c a s e s  the  d ia g n o s is  was su gg ested  from the b iochem ical  
f in d in g s  b efo re  th ere  was any jaundice c l i n i c a l l y .  In the  
severe  c a s e s  continuous drip  tr a n s fu s io n s  were g iv en . A ll  
the p a t i e n t s  recovered  in  s p i t e  o f  the f a c t  th a t  two o f  them, 
c a ses  188 and 1 8 9 , were moribund for  more than 24 hours. The 
favourab le  r e s u l t s  i n  th e se  ca ses  appeared to  be due to  th e  
e a r ly  and con tin u ed  in travenous g lu cose  therapy and th ey  
support the view expressed  by Sheehan (1940) and Townsend 
( 1939 ) th a t  the p r o g n o s is  in  c a se s  o f  delayed chloroform  
p o iso n in g ,  even w ith  much l i v e r  d e s tr u c t io n ,  should not be
unduly p e s s i m i s t i c .
The main b iochem ical f in d in g s  in  the blood in  
th e se  c a s e s  o f  delayed  chloroform poison in g  are
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I )  An in c r e a s e  i n  h aem atocr it  v a lu e .
I I )  High plasma u r ic  a c id  and m oderate ly  r a is e d  blood
urea  v a lu e s .  A f a l l  in  plasma u r ic  a c id  value was 
found to  be the f i r s t  s ig n  o f  improvement; i t  occurred 
w h ile  the  urea va lue  was s t i l l  r i s i n g .
I l l )  A p o s i t i v e  de layed  d ir e c t  r e a c t io n  to  the van den Bergh
t e s t  and very  h ig h  plasma b i l i r u b i n  v a lu e s .  The plasma
b i l i r u b i n  v a lu e s  were d i r e c t l y  p r o p o r t io n a l  to  the 
s e v e r i t y  o f  the c l i n i c a l  c o n d it io n .
D isc u s s io n .
The main f in d in g s  i n  th e se  th ree  ty p e s  o f  l i v e r
damage, as shown by the p r e sen t  c a s e s ,  a re  summarised i n
I  f . h f l  * P n l 1 m w l -no* “h a h i  «=» T Y .
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O b s te t r ic  Acute  
Y ellow  Atrophy.
True Acute  
Y ellow  Atrophy.
Delayed Chloroform Poisoning.
per Lesion. C en tro lob u lar  
c y■t oplasm ic  c hange. 
Ho n e c r o s i s .
Widespread azonal  
n e c r o s i s .
M id-zonal n e c r o s is  
w ith  f a t t y  change in  
s u r v iv in g  c e l l s .
lociated 
pal changes.
D egen eration  o f  
tu b u la r  ep ith e liu m  and 
e a r ly  i n t e r s t i t i a l  
f i b r o s i s .
Kidney ap p aren tly
normal.
Marked f a t t y  change in  the 
e p ith e liu m  o f  the 1s t  
c o n v o lu te d  tu b u les .
fed co n cen tra tio n . Markedly in c r e a se d . Unchanged. In cr ea sed .
tea ur ic  a c id . Very h igh . No rrnal. High.
t e  Urea. High. S l i g h t l y  subnormal. M oderately  h igh .
 ^den Bergh 
8&ction.
—
P o s i t i v e  d i r e c t  w ith  
2 minutes d e la y .
p o s i t i v e  d ir e c t  
w ith  1^ m inutes  
d e la y .
P o s i t i v e  d ir e c t  with  
-J- minute delay .
tea B i l ir u b in . HiRh- , . .................... High. H ig h .........................  .............................
In each o f  th e s e  c o n d it io n s  there  are d e f i n i t e  p a t h o lo g ic a l  
changes in  the l i v e r  although i n  o b s t e t r i c  acute  y e llo w  
atrophy th e re  i s  no n e c r o s i s  o f  l i v e r  c e l l s .  The o n ly  
bioch em ica l abn orm ality  common to  the three  c o n d it io n s  i s  the  
r a is e d  plasma b i l i r u b i n  and in  each case  the h e ig h t  o f  th e  
plasma b i l i r u b i n  was a good index o f  the s e v e r i t y  o f  the  
d i s e a s e .  The changes in  the blood n o n -p ro te in  n itr o g e n  
f r a c t i o n s ,  however, appear to have no d ir e c t  r e l a t io n  to the  
e x te n t  o f  the l i v e r  damage. In each c o n d it io n  th ere  are  a t  
l e a s t  th r e e  f a c t o r s  which might in f lu e n c e  the blood n o n -p r o te in  
f r a c t i o n s  and th e se  a re , -  l i v e r  damage, kidney damage and 
anhydraemia. In  the case  o f  true acute  y e llo w  atrophy o f  the  
p r e se n t  s e r i e s  the o n ly  one o f  th e se  f a c to r s  p r e s e n t ,  i n  the  
e a r ly  s t a g e s  o f  the d i s e a s e ,  was the l i v e r  damage and a t  t h i s  
time the b lood  urea va lue  was normal. Immediately b e fore  
death , however, a  marked in c r e a se  in  blood c o n c e n tr a t io n  
deve lop ed  and th ere  was a sim ultaneous r i s e  in  both the plasma  
u r ic  a c id  and urea -  presumably the r e s u l t  o f  th e  anhydraemia. 
The u r ic  a c id  f in d in g s  in  t h i s  case  are s p e c i a l l y  in t e r e s t i n g ;  
they i n d ic a t e  th a t  g ro ss  l i v e r  damage does not cause an  
in c r e a s e  i n  plasma u r ic  a c id  but th a t  a r i s e  in  plasma u r ic  
a c id  may d ev e lo p , in  such a c a se ,  as a r e s u l t  o f  anhydraemia. 
The f a c t  t h a t  an a c tu a l  r i s e  in  blood urea occurred t e r m in a l ly  
in d ic a t e s  th a t  l i v e r  damage -  as widespread as in  the p r e s e n t  
case  -  i s  i n s u f f i c i e n t  to cause much red u ction  in  urea  
form ation . I t  may th e r e fo r e  be concluded th a t  even g r o s s  
l i v e r  damage has l i t t l e  d ir e c t  e f f e c t  on the plasma u r ic  a c id
and urea l e v e l s  i n  the blood .
In o b s t e t r i c  acute  y e llo w  atrophy and d elayed  
chloroform  p o is o n in g  th e re  i s  a d e f i n i t e  r e t e n t io n  o f  non­
p r o t e in  n i tr o g e n  f r a c t i o n s  in  the blood . The changes in  
plasma u r ic  a c id  and urea a ga in  appear to have a d e f i n i t e  
r e l a t i o n  to  the changes in  blood c o n c e n tr a t io n  but in  th e se  
c a s e s  th e r e  i s  a s s o c ia t e d  ren a l  damage which i s  presumably  
the  prim ary cause o f  the r e t e n t io n .
No i n v e s t i g a t i o n  o f  a c id -b a s e  balance has been  
made i n  the p r e sen t  c a s e s  a lthough the p o s s i b i l i t y  th a t  
some o f  the changes may have r e s u l t e d  from an upset o f  t h i s  
balan ce  has not been over look ed . The in c r e a se  in  b lood  
c o n c e n tr a t io n ,  found i n  many o f  th e se  c a s e s ,  d id  not r e s u l t  
from p ro lon ged  vom itin g  or dehydration; i t  was presumably  
due to  some a c id  base im balance.
Summary.
The b ioch em ica l f in d in g s  in  a f a t a l  case  o f  
o b s t e t r i c  a cu te  y e l lo w  atrophy and in  one o f  tru e  a cu te  
y e llo w  atrop hy  and in  f i v e  n o n - fa ta l  c a se s  o f  d e layed  
chloroform  p o is o n in g  are  recorded; p a th o lo g ic a l  f in d in g s  in  
the  two former c a s e s  and in  one f a t a l  case  o f  de layed  
chloroform  p o is o n in g  are  a l s o  g iv en . The h e ig h t  o f  th e  
plasma b i l i r u b i n  i s  found to  be the b est  index o f  th e  
s e v e r i t y  o f  the l i v e r  dnmege. In  each c o n d it io n  th ere  was 
in c r e a se d  b lood  c o n c e n tr a t io n  a t  some time during the i l l n e
l o ^ .
and changes in  the n o n -p r o te in  n itr o g e n  f r a c t io n s  o f  the  
blood  appeared to  depend d i r e c t l y  on changes in  blood  
c o n c e n tr a t io n  ra th er  than on the e x te n t  o f  the l i v e r  damage.
A h ig h  plasma u r ic  a c id  was not found to  be th e  in v a r ia b le  
r e s u l t  o f  l i v e r  damage.
CHANGES IN BLOOD BIOCHEMISTRY ABOUT THE 
TIME OF DELIVERY WITH SPECIAL REFERENCE 
TO OBSTETRIC SHOOK.
During r ec en t  y ears  a t t e n t io n  has been drawn to  
th e  s i m i l a r i t y  o f  the syndrome o f  adrenal c o r te x  i n s u f f i c i e n c y  
to  secondary  shock and i t  has been su g g es ted  th a t  the  
symptoms and s ig n s  o f  secondary shock are due to  temporary  
e x h a u s t io n  o f  the adrenal c o r te x .
In  1933 Sw ingle, P f i f f n e r ,  Vars, Bott and P ark in s  
i n v e s t i g a t e d  the  fu n c t io n  o f  the adrenal c o r t i c a l  hormone 
and the eu ase  o f  death from adrenal i n s u f f i c i e n c y ,  u s in g  
a d r e n a lec to m ised  dogs which had been kept a l i v e  and normal 
f o r  s e v e r a l  y ears  w ith  i n j e c t i o n s  o f  c o r t i c a l  e x tr a c t .  
Withdrawal o f  th e  hormone caused a p r o g r e s s iv e  d ec re a se  in  
blood  volume and a f a l l  i n  blood p ressu re  u n t i l  death occurred  
8 to  12 days l a t e r .  Haem oconcentration and in c re a se d  b lood  
v i s c o s i t y  were marked, depending on the d ecrease  i n  plasma  
volume. The h e a r t  r a te  v a r ie d  inverss?.y w ith  the b lood  
p r e ssu r e  a s  d id  b lood n o n -p r o te in  n itr o g en  and urea v a lu e s .
The dogs in  t h i s  sh o c k - l ik e  c o n d it io n  were found to be unable  
to  d i l u t e  t h e i r  b lood  a t  a l l .  I f  a small haemorrhage 
occurred  t h e i r  c o n d i t io n  became r a p id ly  worse and death  
occu rred  i n  a sh ort t im e 5 even when f l u i d  was g iv e n  i n t r a -
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j p e r i t o n e a l l y  no b lood d i l u t i o n  occurred. When c o r t i c a l  
hormone was in j e c t e d ,  however, the f l u i d  was absorbed, blood  
d i l u t i o n  occu rred  and the animal recovered . One fu n c t io n  o f  
the  adrenal c o r t i c a l  hormone th e r e fo r e  appeared to  be th e  
r e g u la t io n  and m aintenance o f  a normal c i r c u la t i n g  volume.
The au th ors  emphasize the s i m i l a r i t y  between the symptoms 
and s ig n s  o f  adrenal i n s u f f i c i e n c y  and th o se  o f  secondary  
shock. Lock (1932) drew a t t e n t io n  to the s i m i l a r i t y  o f  the  
c l i n i c a l  p ic t u r e  o f  adrenal i n s u f f i c i e n c y  to  that o f  d is e a s e d  
c o n d i t io n s  in  which a l o s s  o f  in o rgan ic  base p layed  an 
im portant p a r t ,  e . g .  h igh  i n t e s t i n a l  o b s tr u c t io n ,  c h o le r a ,  
and d ia b e t i c  a c i d o s i s  -  such p a th o lo g ic a l  s t a t e s  being  
c h a r a c t e r i s e d  by p r o s t r a t io n ,  dehydration , n i tr o g e n  r e t e n t io n ,  
low  plasma b icarb on ate  and se v e r e  11 shock1*. He found low  
blood sodium and h igh  b lood  potassium  in  3 c a se s  o f  Addison*s  
d i s e a s e .  Loeb, A tc h ley ,  B ened ict and Leland (1933) made 
e l e c t r o l y t e  balance s t u d ie s  on dogs before  and a f t e r  
adrenalectom y and found a f a l l  i n  blood sodium, c h lo r id e  
and b ica rb o n a te  w ith  an in c r e a se  in  b lood potassium  and 
n o n -p r o te in  n i tr o g e n  to  occur a f t e r  adrenalectom y. The f a l l  
in  b lood  sodium was shown to r e s u l t  from an e x c e s s iv e  l o s s  
o f  sodium i n  the u r in e  and i t  was su g g es ted  th at the  adrena l  
g la n d s  must have a r e g u la to r y  e f f e c t  on sodium m etabolism  
and ren a l  fu n c t io n .  The r e l a t i o n  o f  the adrenal c o r te x  to  
the sodium m etabolism  has been fu r th er  in v e s t ig a t e d  by many 
o th er  workers (Loeb, A tch ley , Gutman&Jillson, 1933; Swemer,
1934; Zwemer and S u l l iv a n ,  1934 ; Loeb, 1935 ; Hartman, Lewis 
and Toby, 1 0 38 . High s a l t  d i e t s  have been used with some 
s u c c e s s  in  th e  treatm en t o f  A d dison 's  d i s e a s e  and o th e r  ty p e s  of 
adrenal c o r t i c a l  i n s u f f i c i e n c y  (R ogoff and Stew art, 1 9 2 8 ;
Loeb, 1932 ; Harrop, W einste in , S o f fe r  and T rescher, 1933; 
Swemer, 1934)- More r e c e n t ly  a c t iv e  adrenal c o r t i c a l  e x t r a c t s  
have beer, prepared and are  now used in  the treatm ent o f  a l l  
ty p e s  o f  adrenal c o r t i c a l  i n s u f f i c i e n c y  (Harrop and W ein ste in ,  
1932; Harrop, W ein ste in , S o f fe r  and T rescher, 1933; K en dall ,  
1935; Sw in g le , P ark ins, Taylor and Hays, 1938 ) . The marked 
s i m i l a r i t y  o f  the symptoms and s ig n s  o f  th e  adrenal d e f i c i e n c y  
syndrome to  th o se  o f  s u r g ic a l  shock has su ggested  th a t  
adrenal e x h a u st io n  may be a fa c to r  i n  the e t io lo g y  o f  
trau m atic  and s u r g ic a l  shock. Many experim ental s t u d ie s  in  
dogs i n  which adrenal c o r t i c a l  hormone was used in  th e  
treatm en t o f  shock, induced by trauma and by a d r e n a l in e  
i n j e c t i o n s ,  have been performed w ith  s u c c e s s f u l  r e s u l t s  
(S w in g le ,  P ark in s , Taylor and Hays, 1937 s & b; P ark in s ,
Sw in g le , Taylor and Hays, 1938)* Recent work by Sw in g le ,  
P a rk in s , Taylor and Hays (1937 a & b, and 193&) bas ten ded  
to  i n d ic a t e  th a t  adrenal c o r t i c a l  hormone has a d ir e c t  
a c t io n  i n  the  low blood p r e ssu re  o f  shocked dogs apart from 
any c o n tr o l  i t  e x e r t s  on f l u i d  and e l e c t r o l y t e  b a lan ce .
The b iochem ica l changes in  the b lood r e s u l t i n g  
from ad ren a l c o r te x  i n s u f f i c i e n c y  are summarised by Loeb
( 1 9 3 5 ) as  fo l lo w s
I)  D ecrease in  serum sodium.
113.
I I )  In c r e a se d  b lood c o n c e n tr a t io n .
I l l )  R e te n t io n  o f  n o n -p r o te in  n itr o g e n  f r a c t io n s .
IV) In c r e a s e  i n  b lood  potassium .
At p r e se n t  very l i t t l e  in form a tion  has been  
p u b l ish e d  w ith  regard  to  the e f f e c t  o f  adrenal c o r t i c a l  
hormone i n  c a s e s  o f  shock in  human b e in g s . Reed ( 1 938 ) ,  
used ad ren a l c o r t i c a l  e x tr a c t  in  50 s u r g ic a l  c a s e s  -  some 
a f t e r  shock had developed and some p r o p h y la c t i c a l ly .  The 
t r e a t e d  c a s e s  were found to improve q u ic k ly  a f t e r  o p e r a t io n  -  
p u ls e  r a te  and h ea r t  a c t io n  were s t a b i l i s e d .  In one or two 
c a s e s  b ioch em ica l f in d in g s  were noted: in  u n tre a ted  shock  
c a s e s  b lood  sodium and c h lo r id e  f e l l  markedly but n o n -p r o te in  
n itr o g e n  did not r i s e :  i n  tr e a te d  shock c a s e s  blood sodium 
and c h lo r id e  remained unchanged. Wilson, Rowley and Gray,
(1 9 3 6 ) ,  W ilson, MacGregor and Stewart (1937)> and W ilson and 
Stewart (1939) s tu d ie d  changes in  blood chem istry  in  c a s e s  o f  
shock due to  burns and found a d e f i n i t e  f a l l  i n  serum sodium 
w h ile  serum p o tassiu m , blood c h lo r id e ,  n o n -p r o te in  n i t r o g e n  
and urea  in c r e a se d .  They rep ort th a t  i n f e c t i o n s  o f  d e so x y -  
: c o r t i c o s t e r o n e ,  a s y n t h e t ic  adrenal c o r t i c a l  p r e p a r a t io n ,  
caused  rap id  r e s t o r a t io n  to  normal o f  the serum sodium l e v e l  
and o th e r  b lood  a b n o r m a lit ie s  but th a t  t h i s  drug had o n ly  an 
o c c a s io n a l  b e n e f i c i a l  e f f e c t  on the c ir c u la t o r y  f a i l u r e  in
th e s e  shock c a s e s .
A study o f  c a s e s  o f  o b s t e t r i c  shock r e v e a ls  
s e v e r a l  f a c t o r s  which su g g e s t  th a t  adrenal c o r t i c a l  e x h a u s t io n
may p o s s i b l y  p la y  a p art  in  t h i s  syndrome. There i s  a c l o s e  
resem blance between the c l i n i c a l  c o n d it io n  o f  shocked p a t i e n t s  
and th a t  o f  an im als  s u f f e r in g  from adrenal c o r te x  i n s u f f i c i e n c y ;  
blood  p r e s su r e  f a l l s  very  low and even very  s l i g h t  haemorrhage 
r a p id ly  c a u se s  death . Freeman (1 9 3 3 ) ,  working w ith c a t s  
found th a t  p ro lon ged  h y p e r a c t iv i t y  o f  the sym pathetic  nervous  
system  brought about a d ecrease  in  blood volume and what he 
c a l l s  a **pre~shock s t a t e 1*; i f  the animal l o s t  a very sm all  
amount o f  b lood , when in  t h i s  c o n d it io n ,  a p r e c i p i t a t e  f a l l  
in  b lood  p r e ssu re  r e s u l t e d  and death occurred i n  a very  sh o rt  
tim e. In  c e r t a in  o b s t e t r i c  p a t i e n t s  th ere  i s  pro longed  
sym p athetic  o v e r a c t i v i t y ,  due to  the a n x ie ty  and fo reb od in g  
o f  th e  days b e fo re  the on se t  o f  lab ou r, which makes them l e s s  
a b le  to  stan d  th e  e x e r t io n  and trauma o f  d e l iv e r y ;  such very  
nervous p a t i e n t s  are  e s p e c i a l l y  l i a b l e  to  develop  o b s t e t r i c  
shock. In creased  a d r e n a l in  output i s  presumably a f a c t o r  in  
ca u s in g  t h i s  type  o f  sh o c k ; , P ark ins, Sw ingle, Taylor and Hays 
( 1 9 3 8 ) produced shock i n  dogs by g iv in g  la r g e  doses o f  
a d r e n a l in  and th ey  found th a t  t h i s  type o f  shock responded  
w e l l  to  treatm ent w ith  adrenal c o r t i c a l  hormone.
In  the p r e se n t  i n v e s t i g a t io n  a c l i n i c a l  and 
b ioch em ica l s tu d y  o f  some p a t i e n t s  s u f f e r in g  from v ary in g  
d egrees  o f  o b s t e t r i c  shock ha,s been made in  an attem pt to  
d e t e c t  any ev id en ce  o f  adrenal exh a u stion  in  t h i s  c o n d it io n .
The changes occu rr in g  i n  haem atocr it  v a lu e s ,  plasma sodium, 
whole b lood c h lo r id e s  and blood urea have been determ ined in
t s
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a s e r i e s  o f  2 6 pregnant women about the time o f  d e l iv e r y .
A c a r e fu l  watch was kept on the c l i n i c a l  c o n d it io n  o f  each  
p a t i e n t  fo r  s ig n s  o f  c o l la p s e ,  e s p e c i a l l y  during the f i r s t  
few hours a f t e r  d e l iv e r y ;  blood p ressu re  read in gs and p u ls e  
r a te  were taken  a t  h a l f  h ou r ly  i n t e r v a l s  in  most c a s e s .
The p a t i e n t s  have been d iv id e d ,  from a c l i n i c a l  s ta n d p o in t ,  
in t o  3 grou p s: -
a) 12 Oases (192  to  203) with no post-partum  c o l la p s e .
b) 8 Oases (204  to  211) with s l i g h t  post-partum  c o l la p s e .
c)  6 Oases (212 to  217) with marked post-partum  c o l la p s e .  
Each group in c lu d e s  p a t i e n t s  d e l iv e r e d  sp on ta n eo u sly  and by 
fo r c e p s ,  p a t i e n t s  w ith  sh ort and long  labou rs and toxaem ic  
and non-toxaem ic p a t i e n t s .  In  group c . th ere  a re  2 c a s e s  o f  
r e ta in e d  p la c e n ta .
Blood specim ens were taken  o f f  during labou r,  
u s u a l l y  i n  the  second s ta g e  and a t  approxim ately  1 , 2 , 4 
and 24 hours a f t e r  d e l iv e r y .  In  group c. c a se s  however, 
i t  was found to  be im p o ss ib le  to  o b ta in  specimens o f  b lood  
at r e g u la r  i n t e r v a l s  o f  time because the p a t i e n t s  were so 
c o l la p s e d  and because i n  most c a se s  blood t r a n s f u s io n s  were 
being g iv e n .  O ccasion a l specimens were o b ta in ed , however, 
and i f  each case  i s  co n s id er ed  s e p a r a te ly  the changes  
o c c u r r in g  can be fo l lo w e d .
Mean s y s t o l i c  and d i a s t o l i c  blood p r e ssu re  rea d in g s  
from the p a t i e n t s  o f  groups a . and b. are charted  in  Chart
XXIY. to show the changes occu rr in g  during the p e r io d  o f
116.
i n v e s t i g a t i o n .  The a b so lu te  v a lu e s  charted  are not o f  
im portance a s  both groups in c lu d ed  se v e r a l  p a t i e n t s  s u f f e r in g  
from h y p e r te n s iv e  toxaem ia, cau sin g  a wide range o f  v a lu e s .
As might be ex p ected  th e re  was a s l i g h t  and gradual p o s t ­
partum f a l l  i n  s y s t o l i c  blood p ressu re  in  the normal c a s e s  
and a sudden post-partum  f a l l  w ith  subsequent r i s e  in  the  
s y s t o l i c  b lood  p r e s su r e s  o f  the c a s e s  with s l i g h t  post-partum  
c o l l a p s e .  The wide v a r ia t io n  between the two s y s t o l i c  cu rv es  
i n  Chart XXIV. i s  s i g n i f i c a n t ,  but the d i a s t o l i c  cu rves do 
not show the same d i f f e r e n c e .  As a r u le  p u lse  ra te  v a r ie d  
i n v e r s e l y  w ith  the b lood p r e ssu re  read in gs .
The mean h aem atocr it  changes in  the same p a t i e n t s  
during the f i r s t  fou r  hours post-partum  are shown in  Table X.
Table X,
Mean H aem atocrit v a lu e s  from Groups a. and b. b efore  and
Antepartum. Postpartum.
No. o f  
C ases.
Im m ediately b e fore  
d e l iv e r y . 1 hr. 2 hr. 4 hr . 24 h r s .
Jroup a. 11
Mean.
38#
Range.
31 to  43 37$ 36# 35 . 5# 31#
Iroup b. 6 42# 34 to  50 41$ 41# 39 . 5# 33#
The mean v a lu e s  from the group a. c a se s  show th e  normal 
p o s t —partum d ec re a se  d e sc r ib e d  in  S e c t io n  I V .; in  th e  group b. 
c a s e s  h ig h  v a lu e s  are  m ainta ined  fo r  s e v e r a l  hours a f t e r  
d e l iv e r y .  The range o f  ante-parturn v a lu e s  i n  each group i s  
wide but h ig h  v a lu e s  predom inate in  group b . ; th ey  are
rorn C ases o f  GrorroMean P lasm a Sodium Chanae
-t o o o ) 't/ad- ‘bio ; v j n i < t o s  w
11J.
*■; presum ably due to  d im in ish ed  blood volume. I t  w i l l  be shown
!: l a t e r  th a t  corresp ond ing  ante-partum changes in  the  plasma
| sodium occur i n  many o f  th e se  c a s e s .
ijj The plasma sodium e s t im a t io n s  were made bv Rourke*s
J
m o d i f i c a t io n  o f  Kramer and G itt lem an 'e  pyroantim onate method
■;jj
'ii (1 9 2 8 ) .  In  th e  p r e sen t  i n v e s t i g a t i o n  the mean plasma sodium
I va lue  from 30 pregnant women, near term or very  e a r ly  in
jj lab ou r  was 332 mg. per 100 c . c .  with a range o f  321 mg. to
-j 347 Per 100 c . o .  The mean plasma sodium f in d in g s  in
p a t i e n t s  o f  groups a. and b. during the f i r s t  4 hours p o s t
• partum, are  shown in  Chart XXV. and Table XI,
Table XI.
Mean Plasma Sodium and Whole Blood Chloride changes i n
Groups a. and b.
■j Group a. Group b.
I Plasma Sodium 
in  mg. p er  
100 a . c .
Whole Blood  
C hloride  
in  mg. per  
100 c . c .
Plarna Sodium 
in  mg. per  
LOO c .c .
Whole Blood  
C hloride  
in  mg. per  
100 c . c .
j Wore 
. liverv.
Mean. Range. Mean,
u s
Range. /lean.
321
Range. Mean. Range.
325 311 to  344 481 to  656 301 to  337 514 428 to  601
1 tour
r
ito. 325 317 to  339 571 475  to  63? 291 266 to  101 528 480 to  612
7 tour 8 
jut
fetuin. 129 119 to  148 178 510 to  632 305 £85 to  130 537 441 to  612
pours
1st
ten. 111 119 to  112 7M 542 to 648 320 101 to  3 3 1 538 p5 1 6 J o„Z82. _
fi hours
| 8t
'ten* 332 319 to 350 611 565 to  664 333 120 to  146. 575 498 to  610
i
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I t  w i l l  be noted  th a t  th e re  i s  a s i g n i f i c a n t  drop in  th e  
plasma sodium v a lu e s  a f t e r  d e l iv e r y  in  the c a se s  o f  group b . , 
w ith  r e tu r n  to  normal a t  4 hours p o s t  partum. The mean plasma  
sodium v a lu e s  for  the 12 normal c a se s  show p r a c t i c a l l y  no 
change during  the same p e r io d . In Charts XXVI. and XXVII. 
the  v a lu e s  from the in d iv id u a l  p a t i e n t s  o f  groups a. and b. 
r e s p e c t i v e l y  have been p l o t t e d  s e p a r a te ly  i n  order to  
dem onstrate the  c o n s i s t e n c y  o f  the r e s u l t s  and the t im in g  
o f  the  f a l l  in  plasma sodium v a lu e s .  In  most c a se s  th e  
lo w e s t  v a lu e s  occur a t  1 hour p o s t  partum w ith  a rap id  retu rn  
to  normal l e v e l s  a t  2 hours p o s t  partum. In a few c a s e s  
the  f a l l  c o n t in u es  t i l l  2 hours p o s t  partum and the  v a lu e s  
re tu rn  more s lo w ly  to  normal. A l l  va lu es  are w ith in  normal 
l i m i t s  a t  24 hours p o s t  partum. I t  i s  o f  i n t e r e s t  to  note  
th a t  i n  both groups a. and b. th e r e  are  a few c a se s  w ith  low  
plasma sodium v a lu e s  b efore  d e l iv e r y ;  in  Chart XXVI. (from  
group a . ) th e  v a lu e s  from such c a se s  show a r i s e  towards 
normal l e v e l s  im m ediate ly  a f t e r  d e l iv e r y  w h ile  in  Chart XXVII.
( from group b . ) the  cu rves from a l l  c a se s  f a l l  im m ediately  
p o s t  partum. These c a s e s  w ith low ante-partum  plasma sodium 
v a lu e s  a l l  had h igh  ante-partum  haem atocr it  v a lu e s .  The 
s i g n i f i c a n c e ,  L lni'Bfm a, o f  t h i s  f in d in g  w i l l  be d is c u s s e d  
l a t e r .
Whole b lood  c h lo r id e  d e term in a tion s  c a r r ie d  out a t  
the same t im es  as  the  plasma sodium d e term in a tio n s  and on th e  
same p a t i e n t s  do not r e v e a l  s im i la r  changes. I t  was not
found p o s s i b l e ,  in  the  p r e sen t  c ircu m stan ces , to  e s t im a te  
plasma c h lo r id e s  because o f  the d i f f i c u l t y  i n  m a in ta in in g  
a n a ero b ic  c o n d i t io n s .  The e s t im a t io n s  o f  whole blood c h lo r id e  
were made by W hitehornf s m o d if ic a t io n  o f  V olhard 's  method 
(1 9 2 1 ) .  The mean r e s u l t s  from p a t i e n t s  o f  both groups a . and 
b. show a s te a d y  r i s e  in  whole blood c h lo r id e  from b e fo re  
d e l iv e r y  to  24 hours p o s t  partum. The r e s u l t s  are  g iv e n  in  
Table XI. There are  wide v a r ia t io n s  in  the whole blood  
c h lo r id e  v a lu e s  o b ta in ed  from in d iv id u a l  p a t i e n t s  o f  both  
groups due to f a c t o r s  not under c o n s id e r a t io n  a t  p r e s e n t ,  
so th a t  the  d i f f e r e n c e  between the mean v a lu e s  o f  the two 
groups i s  not o f  s i g n i f i c a n c e .  The blood urea f in d in g s  were 
v ery  v a r ia b le  and i n  most c a s e s  the changes cou ld  be regarded  
a s  a r e s u l t  o f  th e  le n g th  o f  the labour. In 4 o f  the s e v e r e ly  
shocked p a t i e n t s  ( c a s e s  213 , 214 , 216 and 217 ) ,  however, 
th e r e  was a g r e a te r  r i s e  during the p er io d  o f  shock than cou ld  
be accou nted  fo r  by the  labou r. In such c a se s  th e  in c r e a s e  
i n  th e  b lood  urea i s  presumably the r e s u l t  o f  the shocked  
c o n d i t io n .
The v a lu e s  for  h aem atocr it ,  plasma sodium and 
blood p r e s su r e  from the in d iv id u a l  p a t i e n t s  o f  group a . ,  
which have been used  to  c o n s tr u c t  the var iou s graphs, are  
shown to g e th e r  in  the  com posite  t a b le ,  Table X I I . ,  i n  order  
th a t  th e  r e l a t i o n  between the var iou s  changes in  each 
in d iv id u a l  p a t i e n t  may be compared. A s im i la r  t a b le ,  Table X III  
i s  g iv en  fo r  the f in d in g s  from group b. c a s e s .  I t  w i l l  be
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n o t ic e d  from th e se  t a b le s  th a t in  in d iv id u a l  c a se s  th e r e  i s  
n e i th e r  a c o n s ta n t  p rop o rtio n  between the d ecrease  in  plasma  
sodium and the f a l l  in  blood p r e ssu r e ,  nor does the  minimum 
plasma sodium v a lu e  c o in c id e  w ith the  lo w e st  blood p r e ssu r e  
read in g . In a l l  c a se s  w ith s l i g h t  c o l la p s e ,  however, a f a l l  
in  b lood  p r e s s u r e ,  a r i s e  in  p u lse  r a te ,  and a lo w er in g  o f  
plasma sodium l e v e l  occur im m ediately  p ost  partum.
I t  has not been found p o s s ib l e  to  arrange the r e s u l t s  
from th e  c a se s  o f  group c . , those  with sev ere  post-partum  
c o l l a p s e ,  i n  t a b le s  or graphs. Each case  must be s tu d ie d  by 
i t s e l f .  As one would ex p e c t ,  during the p er io d  o f  s e v e r e  
shock the b lood p r e ssu re  was always extrem ely  low e . g . ,  
r ea d in g s  o f  40 /30  * 55/50  were o f te n  recorded and o c c a s i o n a l l y  
no read in g  a t  a l l  cou ld  be ob ta in ed . I t  was n o t ic e d  i n  t h i s  
group o f  o e s e s  th a t  a small p u lse  p ressu re  was an im portant  
s ig n  o f  commencing or e s t a b l i s h e d  shock and th a t  a d ec re a se  
i n  p u ls e  p r e ssu r e  was more s i g n i f i c a n t  than a f a l l  in  
s y s t o l i c  blood p r e ssu r e .  As i n  group b. c a s e s  th ere  was no 
a b s o lu te  p r o p o r t io n  between the blood p r e ssu re  and the plasma  
sodium l e v e l .  In 6 p a t i e n t s  during sev ere  shock th e  plasma  
sodium ranged from 289 to  300 mg. per 100 c . c .  w ith  a mean 
va lu e  o f  297 mg. per 100 c . c .  These v a lu e s  a re  subnormal but 
th ere  was no d e f i n i t e  r e l a t i o n  between the degree o f  shock  
and th e  plasma sodium va lue; s e v e r a l  p a t i e n t s  from group b. 
had low er  plasma sodium v a lu e s  during t h e ir  s l i g h t  c o l l a p s e  
than had any o f  the p a t i e n t s  o f  group c. In the l a t t e r  group,
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however, a lo n g e r  tim e e la p sed  b efore  the plasma sodium 
reg a in ed  normal l e v e l s .
The plasma sodium changes about the time o f  d e l iv e r y  
i n  the  6 c a s e s  o f  group c . are  shown in  Chart XXVIII. and the  
o th e r  f in d in g s  are  g iv en  in  the appendix. I t  w i l l  be n o t ic e d  
th a t  th e  plasma sodium v a lu es  were very low a f t e r  d e l i v e r  in  
a l l  c a s e s .  Three o f  the c a se s  (212 , 213 and 214) were o n ly  
adm itted  to  h o s p i t a l  a f t e r  d e l iv e r y .  They were s e v e r e ly  
shocked and in  each th e re  had been sev ere  haemorrhage; th e  
h a em a to cr it  v a lu e s  i n  th e se  c a s e s  were th e r e fo r e  low.
In case  212 th e  plasma sodium remained low and th e  
p a t ie n t  d ied  in  a few hours in  s p i t e  o f  b lood t r a n s fu s io n  
being g iv en . Post-mortem exam ination r ev e a le d  an adherent  
p la c e n ta  and s ig n s  o f  o b s t e t r i c  shock.
Case 213 remained se v e r e ly  shocked for  s e v e r a l  hours and 
during t h i s  tim e th e  plasma sodium value was subnormal. The 
n ext day the  p a t ie n t  was improved and the plasms, sodium 
value  was normal.
In  c a se  214 normal plasma sodium v a lu e s  were rega ined  
16  hours a f t e r  d e l iv e r y  and the s ig n s  o f  shock had d isapp eared .
Case 215? a p r e -e c la m p tic ,  showed marked s ig n s  o f  
e x h a u st io n  during labou r. She was extrem ely  an x iou s , c r ie d  
w ithout cause  and complained o f  complete ex h au stio n . The 
p u ls e  r a te  was rap id  throughout labour and b efore  d e l iv e r y  
th e  p u ls e  p r e ssu r e  became very  sm all.  The a c tu a l  h aem atocr it  
r ea d in g s  were not g r e a t ly  r a is e d  but they were r e l a t i v e l y  
v ery  h igh  as  compared w ith  the va lue  o b ta in ed  on the day a f t e r  
d e l iv e r y :  th a t  i s ,  the  post-partum  d ecrea se  in  v a lu e s  was 
e x c e s s iv e  c o n s id e r in g  th a t  th e r e  was no l o s s  o f  blood a t  
d e l iv e r y .  The plasma sodium v a lu es  in  t h i s  c a se  f e l l  during  
labou r  and became very low a t  the time o f  d e l iv e r y .  The 
p a t i e n t  became c o l la p s e d  about 1-J- hours a f t e r  an easy  fo r c e p s  
d e l iv e r y  but recovered  with treatm ent.
Case 216 became c o l la p s e d  1 hour a f t e r  a e l i v e r y b u t  the  
plasma sodium v a lu e s  remained w ith in  normal l i m i t s  t i l l  a t  
l e a s t  2 hours a f t e r  d e l iv e r y .  At 4 lo u r s  p o s t  partum th e  
plasma sodium va lu e  had f a l l e n  co n s id er a b ly  but rega in ed
12^
normal l e v e l s  by the  next day.
Case 217 became extrem ely  shocked 3 hours a f t e r  
d e l iv e r y .  She improved s l i g h t l y  with treatm ent but c o l la p s e d  
s e v e r a l  t im es  l a t e r .  Her genera l c o n d it io n  remained 
ex trem ely  poor and she d ied  2 days l a t e r .  Post-mortem  
exam in ation  r e v e a le d  g e n e r a l is e d  p e r i t o n i t i s ,  -  ap p aren tly  
due to  d i r e c t  spread from u teru s  and the broad l ig a m en t ,  -  
and patchy  l i v e r  n e c r o s i s .  Plasma sodium v a lu e s  showed a 
marked f a l l  i n  t h i s  c a se ,  im m ediately  p o s t  partum in  s p i t e  o f  
th e  a d m in is t r a t io n  o f  in traven ous s a l in e  ( th e r e  i s  u s u a l ly  
a r i s e  in  plasma sodium fo r  1 to 2 hours a f t e r  in traven ou s  
s a l i n e ) ,  and the v a lu e s  remained low during the  lo n g  p e r io d  
o f  c o l la p s e .
D isc u ss io n .
The r e s u l t s  recorded here in d ic a t e  t h a t ,  in  women 
who show s ig n s  o f  s l i g h t  or se v er e  post-partum  c o l l a p s e ,  the  
marked f a l l  i n  b lood  p r e ssu re  i s  accompanied by a f a l l  in  
th e  plasma sodium l e v e l .  The f a l l  in  blood p r e ssu re  i s  
ap p rox im ate ly  p r o p o r t io n a l  to  the degree o f  c o l la p s e ,  as  one 
might e x p e c t ,  but the d ecrease  in  plasma sodium i s  not so  
r e la t e d .  I t  i s  very  d i f f i c u l t  to a s s e s s  the  s i g n i f i c a n c e  
o f  th e  t r a n s i t o r y  low er in g  o f  th e  plasma sodium in  th e s e  
c a s e s .  This f in d in g ,  however, tends to  support th e  su g g e s t io n  
o f  p r e v io u s  workers, th a t  shock r e s u l t s  from an a cu te  
adrena l c o r te x  i n s u f f i c i e n c y ;  th e  haem atocr it  and blood  
urea  changes i n  the  presen t c a s e s ,  although not very s t r i k i n g ,  
are  a t  l e a s t  c o n s i s t e n t  with such a theory . In  Addison*s  
d i s e a s e  the  blood sodium o ften  remains f a i r l y  normal u n t i l  
j u s t  b e fo re  death but in  such c a se s  the d e s t r u c t io n  o f  th e
ad ren a l g la n d s  i s  very slow  and the e x c e s s iv e  sodium
11$.
excretion  i s  compensated. I t  was not found p o ss ib le ,  in  
the present study to determine the sodium excretion  in  the 
urine with any accuracy because of the d i f f i c u l t y  in  c o l le c t in g  
a l l  the urine passed about the time of delivery . The present 
r e s u lt s ,  however, are sim ilar to those recorded by Reed (1938), 
in  cases of su rg ica l shock, and those of Wilson and Stewart 
(1939)? cases o f  burn shock, and i t  i s  p o ss ib le  that both 
the blood pressure and the plasma sodium changes are the  
r e su lt  o f  adrenal cortex in su ff ic ien cy .
On th is  theory, the high ante-parturn haematocrit 
values and the low ante-partum plasma sodium values found in  
some cases , might, perhaps, be regarded as an in d ica t ion  of  
a pre-shock s ta te ,  re su lt in g  from prolonged sympathetic 
o v e r a c t iv ity  before, and exhaustion during labour ( on an 
anology with Freeman^ experiments mentioned above). The 
development of d e f in i te  post-partum co llap se  or shock, in  
these cases, would then depend on the amount of trauma or 
haemorrhage sustained at d elivery . High ante-partum 
haematocrit values and low plasma sodium values are not, of  
course, an invariab le  finding in  cases which la te r  develop 
o b s te tr ic  shock; for example, in  anaemic women, the haematocrit 
values would be low even i f  some reduction in  blood volume had 
taken p lace , and a lso ,  in  many cases the trauma and haemorrhage 
sustained at d e livery  are s u f f ic ie n t  to cause shock in  the 
absence o f  predisposing fa cto rs . The conception of a pre-  
shock s ta te  i s  suggested only to explain the post-parturn
Blood p r e s s u r e  and p u l s e  r a t e  f l u c t u a t i o n s  i n  f o u r  c a s e s o f  
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c o l la p s e  which occu rs  in  c e r ta in  c a se s  a f t e r  r e l a t i v e l y  
easy  d e l i v e r i e s ;  ca se  215 , a lrea d y  d e sc r ib ed , i s  an example 
o f  t h i s .
In  s e v e r a l  o f  th e se  c a se s  o f  o b s t e t r i c  shock  
treatm ent w ith  " e sc h a t in 11, an adrenal c o r t i c a l  e x t r a c t ,  was 
t r i e d .  The r e s u l t s  were not dramatic but in  a few c a s e s  
th e y  were encouraging. The changes in  s y s t o l i c  and d i a s t o l i c  
blood p r e s s u r e  and p u lse  ra te  in  four  o f  the c a s e s ,  b e fore  
and during the p e r io d  o f  shock and treatm en t, are g iv e n  in  
Chart XXIX.
Case 213, was adm itted  to h o s p i t a l  very shocked; blood  
t r a n s f u s io n  was g iv e n  on ad m iss ion  but the p a t ie n t  c o l la p s e d  
a g a in  soon a f t e r .  8 c . c .  e s c h a t in  were g iven  in tr a v e n o u s ly  
when no b lood  p r e ssu r e  read ing  cou ld  be ob ta in ed  and th e  
p a t i e n t  was p u l s e l e s s ;  an hour l a t e r  the blood p r e ssu r e  was 
35/ 3O and the p u lse  was very  f a i n t  and ir r e g u la r .  Manual 
removal o f  the p la c e n ta  was c a rr ie d  out a t  t h i s  s ta g e ;  no 
a n a e s t h e t i c  was req u ired  as the p a t ie n t  was u n con sc iou s .
Blood t r a n s f u s io n  was a g a in  s ta r te d  but on ly  200 c . c .  had 
run in  when th e  n eed le  blocked. Two hours a f t e r  th e  e s c h a t in  
i n j e c t i o n  the b lood p ressu re  was 50 /^8  &nd p u lse  r a te  1 7 6 .
5 c . c .  e s c h a t in  were then g iv en  and the blood p r e ssu re  
con tin u ed  to  r i s e  s lo w ly  throughout the evening and th e  
p a t ie n t  g r a d u a l ly  recovered .
In c a s e s  215 and 216 the e sc h a t in  was g iv e n  soon a f t e r  
the o n s e t  o f  c o l la p s e  and i t  can be seen , from Chart XXIX. , 
th a t  a r i s e  i n  b lood  p ressu re  fo llow ed : the gen era l c o n d i t io n
showed gradual improvement.
In c a se  216 no treatm ent apart from the e s c h a t in  was 
g iven ; the b lood  p r e ssu re  rose  g ra d u a lly  fo r  4 hours a f t e r  
the  e s c h a t in  i n j e c t i o n  but l a t e r  f e l l  s l i g h t l y ;  a second  
i n j e c t i o n  o f  e s c h a t in  was g iv e n  and w ith in  h a l f  an hour th e  
blood p r e s su r e  had begun to r i s e .
In  c a se  218, a s im i la r  ms u i t  was ob ta in ed  -  see  Chart XXIX. 
but no b ioch em ica l i n v e s t i g a t i o n  was c a r r ie d  out.
In c a se  217, the e s c h a t in  appeared to  have l i t t l e  
e f f e c t  on the b lood  p r e ssu re  or gen era l c o n d i t io n  but i t  
was found l a t e r  th a t  the s ig n s  of c o l la p s e  were due to  
p e r i t o n i t i s .
In  s e v e r a l  o th e r  c a s e s  gen era l improvement fo l lo w e d  
treatm en t w ith  e s c h a t in  a lthough  i t  was d i f f i c u l t  to  e s t im a te  
th e  p a r t  p la y ed  by the e s c h a t in  as o ther  forms o f  treatm ent  
were a l s o  g iv e n .
I t  i s  very d i f f i c u l t  to  a s s e s s  the va lue  o f  a 
new tr e a tm en t ,  e s p e c i a l l y  o f  a c o n d it io n  such a s  o b s t e t r i c  
shock i n  which one can never e s t im a te  the spontaneous powers 
o f  rec o v er y  o f  the in d iv id u a l .  The p r e sen t  c a s e s  su g g es t  
th a t  adrena l c o r t i c a l  e x tr a c t  may be o f  va lu e  but much 
f u r th e r  i n v e s t i g a t i o n  i s  n e c e ssa r y  before  any c o n c lu s io n s  
can be drawn. I t  would appear th a t  response  to  the  i n j e c t i o n  
o f  e x tr a c t  does not begin fo r  i  to  2 hours a f t e r  th e  i n j e c t i o n  
and then  improvement i s  very gradual. This means th a t  u n le s s  
the  e x tr a c t  i s  ad m in is tered  e a r ly ,  death may occur b e fo re
ns.
the a c t i o n  ta k e s  p la c e .  P ro p h y la c t ic  treatm ent w ith  adrenal  
c o r t i c a l  e x tr a c t  w i l l  r eq u ire  to  be in v e s t ig a t e d .
Summary.
A c l i n i c a l  and b iochem ica l study has been made, 
about the  tim e o f  d e l iv e r y ,  on a s e r i e s  o f  p a t i e n t s  in c lu d in g  
c a s e s  w ith  no post-partum  c o l l a p s e ,  c a se s  w ith  s l i g h t  p o s t ­
partum c o l l a p s e  and c a s e s  w ith  se v er e  post-partum  c o l l a p s e .
A d ecrea se  i n  plasma sodium i s  found in ' every  c a se  w ith  
c l i n i c a l  s ig n s  o f  c o l la p s e .  A ste a d y  r i s e  i n  whole b lood  
c h lo r id e  occu rs  i n  a l l  c a s e s  from before  d e l iv e r y  to 24 
hours p o s t  partum. Changes in  whole blood c h lo r id e  are  not  
found r e la t e d  to  shock. Blood p r e ssu re ,  p u ls e ,  h a em a to cr it ,  
plasma sodium and urea f in d in g s  in  c o l la p s e d  c a s e s  a re  
c o n s i s t e n t  w ith  the  th eory  th a t  temporary ex h a u st io n  o f  th e  
adrenal c o r te x  i s  a fa c t o r  i n  o b s t e t r i c  shock. Treatment 
w ith  a d ren a l c o r t i c a l  e x tr a c t  may be o f  va lue  i n  some c a s e s .
S E C T I O N  VIII.
GENERAL SUMMARY AND CONCLUSIONS.
In d iv id u a l  summaries are  appended to  each o f  
th e  p r in c ip a l  s e c t i o n s  o f  t h i s  t h e s i s  and th e r e fo r e  o n ly  
a very  sh o rt  account o f  the c o n te n ts  o f  th e  work i s  g iv e n  
h e r e .
In  th e  in tr o d u c to r y  s e c t i o n  th e  v a r io u s  t h e o r ie s  
r e l a t i n g  to  the e t i o l o g y  o f  ec lam psia  are m entioned, and th e  
d iv erg en ce  o f  o p in io n  o f  in v e s t i g a t o r s  w ith  regard  to  the  
q u e s t io n  o f  r e t e n t io n  o f  n o n -p r o te in  n itr o g e n  f r a c t i o n s  i n  
th e  h y p e r te n s iv e  toxaem ias o f  pregnancy i s  n o ted . The la c k  
o f  d e t a i l e d  i n v e s t i g a t i o n  o f  the changes o ccu rr in g  i n  the  
blood  o f  in d iv id u a l  p a t i e n t s  throughout the course  o f  the
d is e a s e  i s  s t r e s s e d .
In  S e c t io n  I I .  the  changes i n  the plasma u r ic  a c id
and urea during the l a s t  few weeks o f  pregnancy, during  
lab ou r  and throughout th e  puerperium are s tu d ie d  i n  normal 
and n o n -c o n v u ls iv e  toxaemic p a t i e n t s .  A r i s e  in  th e s e  non­
p r o t e in  n i tr o g e n  f r a c t io n s  i s  found to occur always during  
labou r  and the h e ig h t  o f  the r i s e  i s  dependent on th e  le n g th  
o f  th e  lab ou r  in  each ca se . The v a lu e s  retu rn  to  normal 
l e v e l s  during the  f i r s t  few days o f  the  puerperium. These 
changes i n  plasma u r ic  a c id  and urea are  q u ite  u n r e la te d  to  
toxaem ia or o th er  f a c t o r s .  The importance o f  th e s e  r e s u l t s
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i s  th a t  any in t e r p r e t a t i o n  o f  b iochem ica l f in d in g s  about the  
tim e o f  d e l iv e r y  which does not take in to  c o n s id e r a t io n  th e  
changes which have been shown to  r e s u l t  from labour i t s e l f ,  
i s  l i a b l e  to  be f a l l a c i o u s .
A s im i la r  d e t a i l e d  i n v e s t i g a t i o n  o f  ec lam p tic  
p a t i e n t s  i s  recorded  i n  S e c t io n  I I I .  A s e r i e s  o f  ec lam p tic  
c a se s  i s  s tu d ie d  b efore  the o n se t  o f  f i t s  and i t  i s  shown 
t h a t ,  c o n tra r y  to the s ta tem en ts  o f  p r e v io u s  au th ors , a h igh  
plasma u r ic  a c id  va lu e  in  a p r e -e c la m p tic  c a se  i s  not an 
ind ex  o f  impending ec lam psia . A marked and rap id  in c r e a s e  
in  plasma u r ic  a c id  l e v e l  i s  shown to  occu r , in  ev ery  c a s e ,  
im m ed iate ly  a f t e r  the  o n se t  o f  f i t s  and the e x te n t  o f  the  
r i s e  i s  d i r e c t l y  p r o p o r t io n a l  to  the  number o f  the f i t s .
The plasma urea  f in d in g s  do not show any such d e f i n i t e  changes;  
in  some c a s e s ,  however, the urea l e v e l  r i s e s  c o n s id e r a b ly  
l a t e  i n  the d i s e a s e  and t h i s  r i s e  i s  r e la t e d  to  a p e r io d  o f  
o l i g u r i a ;  in  such p a t i e n t s  the h igh  plasma u r ic  a c id  v a lu e s  
are  m a in ta in ed  or even in c r e a s e  a f t e r  the f i t s  have c ea sed  
u n t i l  the u r in a ry  output i s  in c re a se d . Labour i s  found to  
cause  the  same changes i n  plasma u r ic  a c id  and urea in  
e c la m p tic  p a t i e n t s  as  i s  shown to  occur in  normal and non-  
c o n v u ls iv e  toxaem ic c a se s .  C onvulsions in  non-pregnant c a s e s  
and i n  anim als are fo l lo w e d  by changes in  the  plasma u r ic  
a c id  s im i la r  to  th ose  found in  the ec lam p tic  c a se s ;  i t  i s  
th e r e fo r e  concluded th a t  c o n v u ls io n s ,  per s e ,  r e s u l t  in  a 
rap id  and marked r i s e  in  plasma u r ic  a c id  and the cause  o f
1 ) 1
t h i s  r i s e  i s  d is c u s s e d .
In S e c t io n  I? , v a r ia t io n s  in  blood c o n c e n tr a t io n ,  
during the  l a s t  few days o f  pregnancy, during labou r and 
throughout th e  puerperium, as measured by changes in  th e  
h aem a to cr it  v a lu e ,  are s tu d ie d  in  a s e r i e s  o f  normal pregnant  
women, p r e -e c la m p t ic  and chron ic  toxaem ic p a t i e n t s .  In the  
normal c a s e s ,  a d e f i n i t e  in c r e a se  in  blood c o n c e n tr a t io n  i s  
shown to  occur during the l a s t  few days b efore  d e l iv e r y ,  
reach in g  a maximum value  about the time o f  d e l iv e r y .  There 
i s  rap id  b lood  d i l u t i o n  during the f i r s t  3 days p o s t  partum 
and a f t e r  t h i s ,  the b lood  g r a d u a lly  r e tu r n s  to  normal. The 
changes in v o lv e  the t r a n s fe r  o f  20 to  25$  o f  the f l u i d  o f  
the plasma from the blood in to  the t i s s u e s  and back a g a in .  
P re -ec la m p tic  c a s e s  show s im i la r  changes and in  a d d i t io n ,  
th ere  i s  an in c r e a s e  in  blood c o n c e n tr a t io n  ante-partum  
r e la t e d  to  the s e v e r i t y  o f  the toxaem ia i n  each case;  
oedematous c a s e s  have r e l a t i v e l y  lower haem atocr it  v a lu e s .
The ch ro n ic  toxaem ic c a s e s  are  found to  be o f  2 ty p e s  -  
th o se  w ithou t anaemia and th ose  with se v er e  anaemia or  
hydraemia. Those w ithout anaemia c l o s e l y  resem ble th e  p r e ­
e c la m p tic  c a s e s  in  t h e ir  haem atocr it  changes w h ile  th e  
anaemic c a s e s  show the normal haem atocr it  changes about the  
tim e o f  d e l iv e r y  but do not show any r i s e  i n  v a lu e s  during  
the puerperium. The post-partum  d i l u t i o n  o f  the blood i s  
in c r e a se d  in  p a t i e n t s  i n  whom th ere  i s  oedema b efore  d e l iv e r y ,  
haemorrhage a t  d e l iv e r y  or i n f e c t i o n  in  the puerperium.
S e c t io n  V. c o n s i s t s  o f  some b iochem ical s t u d ie s  in  s e v e r a l  
d i f f e r e n t  c o n d i t io n s  c h a r a c te r is e d  by severe  vom iting . In  
e a r ly  pregnancy th e  most important cause o f  se v e r e  vom itin g  
i s  h yp erem esis  gravidarum. High h aem atocr it  v a lu e s ,  r a is e d  
plasma u r ic  a c id  and urea v a lu e s  are  found in  a group o f  
p a t i e n t s  s u f f e r in g  from se v er e  hyperem esis; in c re a se d  plasma  
b i l i r u b i n  occu rs  i n  a few c a s e s .  This n itro g en  r e t e n t io n  
d isa p p ea rs  r a p id ly  as the  anhydraemia i s  r e l i e v e d .  The 
s e v e r i t y  o f  the c l i n i c a l  s ig n s  in  any in d iv id u a l  case  i s  
found to  depend on the  degree o f  anhydraemia and th e  
development o f  W ernickefs encephalopathy. S ev era l f a t a l  
c a s e s  a re  d e sc r ib e d  to i l l u s t r a t e  the r e l a t i v e  importance  
o f  th e s e  two f a c t o r s .
In l a t e  pregnancy, c a ses  with se v er e  vom itin g  as  
t h e i r  main symptom are  found to  be o f  s e v e r a l  d i f f e r e n t  ty p es  
th e y  are  c l a s s i f i e d  i n  four groups.
I )  Prolonged  H yp erem esis:-  In  t h i s  group o f  c a se s  the  
b ioch em ica l f in d in g s  are  the same as  th o se  i n  the se v er e  
h yp erem esis  c a s e s  and appear to  be the  d ir e c t  r e s u l t  o f  th e  
vom itin g . The changes d isappear r a p id ly  when in trav en o u s  
g lu c o se  i s  a d m in is tered . I t  i s  concluded th a t  t h e s e  p a t i e n t s  
are  s u f f e r in g  from hyperem esis gravidarum which has con tin u ed
in to  th e  l a t e  months.
I I )  P y e l i t i s  o f  P regnan cy:- In  t h i s  group o f  c a s e s  the  
c h a r a c t e r i s t i c  b iochem ica l f in d in g s  a re , a very  low haematocr  
va lu e  i n  s p i t e  o f  severe  vom itin g , normal plasma u r ic  a c id
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and urea  v a lu e s  except l a t e  in  the d i s e a s e  i n  se v er e  c a s e s  
when a r e t e n t i o n  o f  both n o n -p r o te in  n i tr o g e n  f r a c t i o n s  i s  
found, and, i n  some c a s e s ,  a p o s i t i v e  immediate d i r e c t  
r e a c t io n  to  th e  van den Bergh t e s t  and a s l i g h t  in c r e a s e  in  
plasma b i l i r u b i n .  A very marked in c r e a se  i n  the  n o n -p r o te in  
n itr o g e n  f r a c t i o n s  o f  the blood i s  found to  occur during  
lab ou r  i n  th e s e  c a s e s .
I l l )  nE r*ythrob lastosis  f o e t a l i s ” Severe vom iting i s  
found to  occur in  a group o f  p a t i e n t s  a s s o c ia t e d  with f o e t a l  
and p la c e n t a l  a b n o r m a li t ie s .  Plasma u r ic  a c id  v a lu e s  are  
very  h ig h  and plasma urea m oderate ly  r a is e d  i n  each c a se .
S l ig h t  jaun d ice  and r a is e d  plasma b i l i r u b i n  are found e a r ly  
in  the  d i s e a s e .  The e t i o l o g y  o f  the c o n d it io n  i s  not known.
IV) A m isc e l la n e o u s  grou p :-  in c lu d in g  c a se s  o f  h y p e r te n s iv e  
toxaem ia , a cu te  y e l lo w  atrophy o f  pregnancy and id io p a t h ic  
on es. No b ioch em ica l f in d in g s  are g iv e n  for  c a s e s  o f  t h i s  
group.
In S e c t io n  VI. c o n d it io n s  with jaun d ice  a s  a 
prominent f e a tu r e  are  d e a l t  w ith . The e t i o l o g y  o f  the  
s l i g h t  i c t e r u s ,  p o s i t i v e  van den Bergh and r a is e d  plasma  
b i l i r u b i n ,  found i n  some c a se s  o f  ec lam p sia , hyp erem esis ,  
and p y e l i t i s  i s  d is c u s s e d .
A f a t a l  ca se  o f  o b s t e t r i c  acu te  y e l lo w  atrophy i s  
d e sc r ib e d  w ith  the b iochem ical and p a t h o lo g ic a l  f in d in g s ;  
death i n  t h i s  case  was due to  shock and a la.rge paragangliom a  
was found a t  the  au top sy . I t  i s  su ggested  th a t  the
m“ery th rob lastos is  f o e t a l i s 1 group of la t e  vomit'ing cases may 
be non-fata l examples o f  o b s te tr ic  acute yellow atrophy.
A fa ta l  case of true acute yellow atrophy o f  the  
l i v e r  occurring during pregnancy i s  next described and the  
biochemical and p atho log ica l f ind ings are given in  d e ta i l .
The biochemical f ind ings in  several non-fata l  
cases of  delayed chloroform poisoning are recorded and the 
changes during treatment are followed. The rapid improvement 
which occurs in  such cases follow ing the adm inistration of  
continuous intravenous glucose i s  emphasized.
A comparison i s  then made between the biochemical 
and p ath o log ica l f ind ings in  these three types of l iv e r  damage 
o b ste tr ic  acute yellow  atrophy, true acute yellow atrophy 
and delayed chloroform poisoning. The height of  the plasma 
b il ir u b in  i s  found to be the best index of the se v e r ity  of  
the d isease . I t  i s  shown that gross l i v e r  damage does not 
n e c e ssa r ily  re su lt  in  a high plasma uric acid.
Section VII. includes a short resume of the 
experimental and c l in i c a l  research which has indicated  a 
re la t io n sh ip  between surgical or secondary shock and adrenal 
cortex in su ff ic ie n c y .  The biochemical changes in  the blood 
which have been shown to  resu lt  from adrenalectomy are given.
It  i s  noted that there i s  a c lo se  resemblance between the  
c l in i c a l  condition of p a tien ts  su ffer in g  from o b ste tr ic  
shock and that of animals with adrenal in su ff ic ie n c y .  Changes 
in  blood pressure, pulse rate , haematocrit, whole blood
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c h lo r id e ,  plasma sodium and urea are s tu d ie d  i n  p a t i e n t s  
about th e  time o f  d e l iv e r y  and in  the e a r ly  puerperium.
In c a s e s  w ith  s l i g h t  or se v e r e  c o l la p s e  b ioch em ica l changes  
s u g g e s t iv e  o f  a temporary adrenal c o r t i c a l  i n s u f f i c i e n c y  
are  found to  occur; the  most im portant f in d in g  i s  a f a l l  in  
plasma sodium in  shocked c a s e s .  The e x i s t e n c e  o f  a “p r e -  
shock*1 s t a t e  in  some p a t i e n t s  i s  su g g es ted . Improvement 
r e s u l t e d  i n  a few c a se s  o f  o b s t e t r i c  shock a f t e r  treatm ent  
w ith  ad ren a l c o r t i c a l  e x t r a c t s .
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The biochemical findings from all the cases quoted throughout 
the -work are given in detail in this section. They are grouped as 
follows:-
25 Normal cases, Nos.l to 25.
27 Mild Pre-eclamptic cases, Nos.26 to 52.
29 Severe Pre-eclamptic cases, Nos.53 to 82.
20 Chronic Toxaemic cases, Nos.83 to 103.
42 Eclamptic cases, Nos.104 to 145.
10 Azoman cases, Nos.146 to 155.
16 Eyperemesis cases, Nos.156 to 171.
4 Late hyperemesis cases, Nos.172 to 174.
6 Pyelitis cases, Nos.175 to 180.
4 1Erythroblastosis foetalis1 cases, Nos.181 to 184.
1 Case of Obstetric Acute Yellow Atrophy, No.185.
1 Case of True Acute Yellow Atrophy, No.186.
5 Delayed Chloroform Poisoning cases, Nos.187 to 191.
26 Obstetric Shock cases, Nos.192 to 217.
The results are given in tabular form. Plasma uric acid, urea 
and sodium and whole blood chlorides are expressed in mg. per 100 c.c.; 
Plasma bilirubin is expressed in units per 100 c.c.
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